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Introduction
[bookmark: _Hlk66110521]In RAN1#105-e, the following agreement was made. 
	Agreement in RAN1#105-e:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.


Based on the above agreement, the following discussion might be needed:
· details on support delivery of ephemeris information using both ephemeris formats
As suggestions in R1-2106290, the following discussions were encouraged:
· Issue#2: Indication of Common TA drift parameters 
· Issue#6: TA update in RRC_CONNECTED state 
· Issue#7: NTN UE Time Alignment Timers
· Issue#11: Indication of common frequency pre-compensation offset on DL service link

Discussion
[bookmark: _Hlk66110595]Support of both ephemeris formats
In RAN1#105-e, the following agreement was made:
	Agreement in RAN1#105-e:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.


The intention to support both ephemeris formats is a compromise to accept a situation the down-selection of one of them is quite difficult.
· In HAPS and ATG deployment, state vectors are more favorable than orbital elements since the concept of orbits is meaningless for HAPS and ATG.
· In satellite deployment, orbital elements are more favorable than state vectors since the signaling overhead of orbital elements can be further reduced, e.g., with sets of orbital elements pre-provisioned in a uSIM and using RRC to indicate one [4].
· The advantage of state vectors is the straightforward calculation of the amount of UL timing and frequency to be pre-compensated for the service link.
[bookmark: _Toc79066205]State vectors are favorable in HAPS and ATG deployment, while orbital elements are favorable in satellite deployment. PV state vectors can also be used without any transformation for satellite deployment. 
Both ephemeris formats have their advantages, but with the agreement above, it is unclear whether NW can broadcast both ephemeris formats in a SIB simultaneously, or there is a constraint that only one ephemeris format can be broadcasted in a SIB or not. A possible implementation is listed below. Note that the ephemeris formats below refer to the ephemeris from the same cell of serving satellite/HAPS represented in different formats.
· Option 1: a UE can find both ephemeris formats in SIB1
· Option 2: a UE can find one ephemeris format in SIB1 and another format in NTN SIB
· Option 3: a UE can find a default ephemeris format in SIB1 at least
· Option 4: a UE can only find a configured ephemeris format in SIB1
For option 1, UE only needs to know how to read and predict one of the ephemeris formats. However, NW must broadcast similar information in SIB1 for both formats. Considering a limit to the max SIB1 size as 2976 bits, and the need for providing serving cell’s ephemeris and neighbor’s ephemeris, option 1 may have a SIB1 size concern.
For option 2, UE only needs to know one format. NW must broadcast both formats, but one can be in SIB1, and the other one can be in NTN SIB if NTN SIB will be supported. One concern is there might not be NTN SIB regarding the spec impact. Also, if UE finds the format in SIB1 is unreadable, then it shall wait for NTN SIB. This waiting may postpone the initial access procedure since NTN SIB may not be broadcasted as often as SIB1.       
For option 3, UE shall at least know the default ephemeris format. NW shall at least broadcast the default ephemeris. This provides flexible implementation and signaling manners. UE may know both ephemeris formats and NW may broadcast both ephemeris formats, but the default ephemeris format shall be always broadcasted in SIB1.
For option 4, UE shall know how to read and predict both ephemeris formats. NW shall select only one ephemeris format configured in SIB1. Since the ephemeris information will be used for prediction and interpolation, NW shall ensure UE can always receive the same format to predict serving cell’s ephemeris and neighbor’s ephemeris.
[bookmark: _Toc79066209]For specification to support the delivery of ephemeris information using both ephemeris formats, a default ephemeris format shall be introduced in a way that UE shall at least know the default ephemeris format and NW shall at least broadcast the default ephemeris format in SIB1.

Indication of Common TA drift parameters
The intention to use common TA drift is to reduce signaling overhead when the closed-loop UL timing control handles both the service link and the feeder link. Since it is an enhancement, many options have been considered.
· Option 1: Feeder link timing drift is compensated by UE and NW indicates common TA drift parameters
· Option 2: Feeder link timing drift is compensated by UE and NW provides the gNB location
· Option 3: Feeder link timing drift is compensated by NW and UE compensates a fixed value
· Option 4: Feeder link timing drift is compensated by NW and UE compensates a slowly changing value 
For option 2, RAN1 shall wait for inputs from the LS to SA3, SA1, and possibly SA3-LI to get more inputs regarding the security and regulatory aspects if the NTN GW position is broadcast. For options 3 and 4, as recommended by FL in R1-2106290, RAN1 shall NOT focus on any design of feeder link timing drift compensated by NW at this stage.
For option 1, NW broadcasts common delay, common delay drift rate, and possible high-order derivative of common delay drift if supported. One concern is the accuracy of the feeder link delay estimation, but it may be up to 1) how UE predicts 2) how often NW broadcasts the parameters, and 3) what parameters NW provides. 
If the UE (GNSS) positioning accuracy can be within 30m, and if UE specific TA estimation error can be within 0.012 s based on the prediction time up to 10 seconds, then according to R4-2109855, the common TA estimation error needs to be smaller than 0.02  for SSB/UL SCS of 120/120kHz. This is feasible when prediction time is set to 3s and common delay, common delay drift, and common delay drift variation are broadcasted, according to R1-2106290.
Table 1: NTN timing error at gNB for GNSS positioning accuracy of 30 m, based on R4-2109855
	SSB SCS
	UL SCS
	Legacy BS error
	UE specific TA error
	Error by GNSS
	Timing Error @ satellite
	Common TA error
	Timing Error @ gNB

	
	
	(D)
	(E)
	(F)
	(D)+(E)+(F)
	(G)
	(D)+(E)+(F)+(G)

	[kHz]
	[kHz]
	[us]
	[us]
	[us]
	[us]
	CP%
	[us]
	[us]
	CP%

	15
	15
	0.78
	0.012
	0.1
	0.88
	19%
	0.02
	0.9
	19%

	
	30
	0.59
	
	
	0.69
	30%
	
	0.71
	31%

	
	60
	0.46
	
	
	0.56
	48%
	
	0.58
	50%

	30
	15
	0.65
	
	
	0.75
	17%
	
	0.77
	17%

	
	30
	0.52
	
	
	0.62
	27%
	
	0.64
	28%

	
	60
	0.36
	
	
	0.46
	40%
	
	0.48
	42%

	120
	60
	0.24
	
	
	0.34
	30%
	
	0.36
	32%

	
	120
	0.16
	
	
	0.26
	46%
	
	0.28
	50%

	240
	60
	0.23
	
	
	0.33
	29%
	
	0.35
	31%

	
	120
	0.15
	
	
	0.25
	43%
	
	0.27
	47%


Note that both FR1 and FR2 have challenging cases. For FR1 with SSB/UL SCS = 15/60kHz, the timing error at the gNB side reaches half of the OFDM-CP length. The same difficulty can be found for FR2 with SSB/UL SCS = 120/120kHz.
[bookmark: _Toc79066206]When downlink and uplink frame timing are aligned at gNB, the timing error at gNB is based on SSB and UL SCS configuration, contributed from 1) legacy BS error, 2) UE-specific TA error, 3) error by GNSS accuracy and 4) common TA error.
[bookmark: _Toc79066210]Common delay, common delay drift, and common delay drift variation provided by NW shall be supported to ensure the common TA error is within 0.02 μs, considering GNSS position accuracy of 30m and UE-specific TA error within 0.012 μs can be achieved.
Another concern for common TA is the use of system information. In Rel-16 NR, UE in RRC_CONNECTED is only required to acquire SIB1 and SI messages if there is no disrupting unicast data reception or SSB. See TS 38.331 below.  
	3GPP TS 38.331 V16.5.0
5.2.2.3.1 Acquisition of MIB and SIB1 
NOTE: The UE in RRC_CONNECTED is only required to acquire broadcasted SIB1 if the UE can acquire it
without disrupting unicast data reception, i.e., the broadcast and unicast beams are quasi co-located.
5.2.2.3.2 Acquisition of an SI message
NOTE 1: The UE is only required to acquire broadcasted SI message if the UE can acquire it without disrupting unicast data reception, i.e., the broadcast and unicast beams are quasi co-located.
NOTE 2: The UE is not required to monitor PDCCH monitoring occasion(s) corresponding to each transmitted
SSB in SI-window. 


In Rel-16 NR, UE in the RRC connected mode may not decode a PDSCH scheduled by SI-RNTI when another PDSCH scheduled by C-RNTI, MCS-C-RNTI, or CS-RNTI partially or fully overlaps it in time. 
If Common TA parameters are provided in system information by a PDSCH scheduled by SI-RNTI, there is always a chance UE may ignore Common TA parameters and lose UL timing synchronization. Also, considering UE may use different propagation models to calculate UE-specific TA and different GNSS positioning accuracy from time to time or from a UE to another UE, always broadcasting all Common TA parameters seems not to be reasonable.
[bookmark: _Toc79066207]The UE in RRC CONNECTED mode is only required to acquire SIB1 if the UE can acquire it
without disrupting unicast data reception.
[bookmark: _Toc79066208]UE may require specific UL timing estimation accuracy depending on its propagation model to ephemeris, GNSS positioning accuracy, and curve-fitting model for the feeder link delay.
Based on the observations, UE-specific or on-demand common TA parameters shall be considered. As a benefit, NW is not required to broadcast all Common TA parameters in SIB to guarantee challenging cases as UL SCS = 60kHz.
[bookmark: _Toc76981605][bookmark: _Toc79066211]If feeder link timing drift is compensated by UE using Common TA parameters, the NW at least broadcasts common delay in SIB1, and the rest of common TA parameters can be signaled via UE-specific RRC messages or NTN SIB provided in an on-demand manner.  

Alternatively, the curve-fitting algorithm may not be unique, for example, UE may estimate GW location to further refine the feeder link estimation results, as shown in Figure 1.  
[image: ]
[bookmark: _Ref76977909]Figure 1: The curve-fitting algorithms and the GW location algorithm by the common TA list
In Figure 1, NW may broadcast a series of common TA values with the epoch at one time or UE may collect multiple broadcasted common TA values from system information. In any manner, UE shall be able to estimate the gNB-satellite RTT by predicting the gNB location via GNSS location, satellite ephemeris, and collected common TA values. 
[bookmark: _Toc76981606][bookmark: _Toc79066212]If feeder link timing drift is to be compensated by UE using common TA parameters, the NW may broadcast a series of Common TA parameters with the epoch for UE to estimate gNB’s location.

NTN UE Time Alignment Timers 
The intention to introduce new TA timers is to prevent UL interference when UE has lost UL synchronization, and for re-acquisition of the satellite ephemeris (like a reminder to ask UE to read SIB on time).  
However, for preventing UL interference, the legacy TA timer shall be enough. For re-acquisition of the ephemeris, an internal timer at the UE side shall be sufficient.   
Moreover, it will be difficult to configure a validity Timer for UE-specific TA if the orbital propagator model used at the UE side is not known by the NW. Similarly, it will be difficult to configure a validity Timer for Common TA if the curve-fitting algorithm used at the UE side is not defined in the specs. Also, when the GNSS positioning error is greater than an expected value, e.g., 50m, UE may lose UL synchronization before the end of the valid period.
[bookmark: _Toc79066213]The Common TA timer is NOT needed if the curve-fitting algorithm is known by UE and NW. UE and NW shall know the valid prediction period when the common TA parameters are received.
Another concern is the curve-fitting algorithm may not be unique, for example, UE may exploit GNSS location and satellite ephemeris to predict gNB’s location. In this case, if the curve-fitting algorithm used at the UE side is unknown by the NW, it will be difficult to configure a validity timer for Common TA.
[bookmark: _Toc76981608][bookmark: _Toc79066214]Common TA Timer may be difficult to be configured if the curve-fitting algorithm used at the UE side is unknown by the NW, e.g., UE may estimate gNB’s location when data is sufficient. 

Common frequency pre-compensation offset on DL service link
The intention to introduce Common frequency pre-compensation offset on the DL service link is to reduce Doppler shift for DL initial synchronization. However, due to limited TU for finishing essential features for NR and IoT over NTN, this feature has been proposed to be postponed in Rel-17.
Note that the common frequency pre-compensation on the DL service link may not be needed if the sync raster of 100 kHz for frequency range < 3 GHz is not used, which has been agreed in the SI for IoT over NTN. See below.
	Agreement in RAN1#104-b, 8.15.2	Enhancements to time and frequency synchronization
For DL synchronization in the Rel-17 timeframe, the following should be considered
· New Channel raster with a step size increased to be greater than 100 kHz 
· (Part of) ARFCN-indication-in-MIB


For the sake of progress and considering limited TU, it seems reasonable to deprioritize support of DL frequency compensation for the service link Doppler in Release 17 to align the essential features of NR and IoT over NTN. However, this may require discussion in RAN4 as it is a specification change.
[bookmark: _Toc79066215]Deprioritize support of DL frequency compensation for the service link Doppler and send an LS to RAN4 to support a new channel raster with a step size increased to be greater than 100 kHz.
However, without DL frequency compensation for the service link Doppler, the max Doppler shift is up to 24 ppm. RAN1 shall ensure the DL frequency error at the UE side and UL frequency error at the gNB side shall be within ±0.1 PPM observed for 1 ms. See TR 38.811 and an LS from RAN4 R1-2106428.
[bookmark: _Toc79066216]If DL frequency compensation cannot be supported, RAN1 shall ensure the UL frequency error at the gNB side is within ±0.1 PPM observed for 1ms, according to an LS from RAN4.

Conclusion
In this contribution, we have the following observations
Observation 1	State vectors are favorable in HAPS and ATG deployment, while orbital elements are favorable in satellite deployment. PV state vectors can also be used without any transformation for satellite deployment.
Observation 2	When downlink and uplink frame timing are aligned at gNB, the timing error at gNB is based on SSB and UL SCS configuration, contributed from 1) legacy BS error, 2) UE-specific TA error, 3) error by GNSS accuracy and 4) common TA error.
Observation 3	The UE in RRC CONNECTED mode is only required to acquire SIB1 if the UE can acquire it without disrupting unicast data reception.
Observation 4	UE may require specific UL timing estimation accuracy depending on its propagation model to ephemeris, GNSS positioning accuracy, and curve-fitting model for the feeder link delay.

Based on observations, the following proposals are made
Proposal 1	For specification to support the delivery of ephemeris information using both ephemeris formats, a default ephemeris format shall be introduced in a way that UE shall at least know the default ephemeris format and NW shall at least broadcast the default ephemeris format in SIB1.
Proposal 2	Common delay, common delay drift, and common delay drift variation provided by NW shall be supported to ensure the common TA error is within 0.02 μs, considering GNSS position accuracy of 30m and UE-specific TA error within 0.012 μs can be achieved.
Proposal 3	If feeder link timing drift is compensated by UE using Common TA parameters, the NW at least broadcasts common delay in SIB1, and the rest of common TA parameters can be signaled via UE-specific RRC messages or NTN SIB provided in an on-demand manner.
Proposal 4	If feeder link timing drift is to be compensated by UE using common TA parameters, the NW may broadcast a series of Common TA parameters with the epoch for UE to estimate gNB’s location.
Proposal 5	The Common TA timer is NOT needed if the curve-fitting algorithm is known by UE and NW. UE and NW shall know the valid prediction period when the common TA parameters are received.
Proposal 6	Common TA Timer may be difficult to be configured if the curve-fitting algorithm used at the UE side is unknown by the NW, e.g., UE may estimate gNB’s location when data is sufficient.
Proposal 7	Deprioritize support of DL frequency compensation for the service link Doppler and send an LS to RAN4 to support a new channel raster with a step size increased to be greater than 100 kHz.
Proposal 8	If DL frequency compensation cannot be supported, RAN1 shall ensure the UL frequency error at the gNB side is within ±0.1 PPM observed for 1ms, according to an LS from RAN4.

Reference
[bookmark: _Ref9595909][bookmark: _Ref16874156]Chairman’s Notes, 3GPP TSG RAN WG1 #105 e-meeting
Chairman’s Notes, 3GPP TSG RAN WG2 #114 e-meeting
R1-2106290, FL Summary on enhancements on UL time and frequency synchronization for NR NTN, Thales
R4-2109855, Discussion on timing requirements in NTN, MediaTek Inc.
R1-2106428, Response LS on NTN UL frequency synchronization requirements, CATT




image1.png
N\
&

Linear model Polynomial model

A

Common TA delay (linear)
Common TA drift rate (linear)
K Common delay drift variation (poly)

proposed \

Epoch 0 min 1 min 2 min

CTA 10ms | 12.4ms | 14.8ms

UE predicts GW location [x, v, z] /





