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Introduction
A RAN2-led Rel-17 Working Item on Solutions for NR to support non-terrestrial networks (NTN) was revised in RAN Plenary #88e [1].  The study item phase identified issues and made recommendations on NR UL synchronization in TR 38.821 [2]. In this contribution, we make observations and proposals to address issues discussed in RAN1#105-e and summarized in FL summary  for UL synchronization in [3].
[bookmark: _Ref481671177]
UL Timing synchronization aspects
Indication of common TA drift parameters 
This section is related to Issue#1 Feeder link timing drift handling,  Issue #2 Indication of common TA drift parameters and Issue#9 Broadcasting the position of a reference point  for the feeder link in FL summary in [3]. RAN1#104bis-e made agreement on NTN UE Timing Advance formula: 
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.

RAN2#113bis-e sent LS to RAN1 on TA pre-compensation:
· RAN2 would like to ask RAN1 to prioritize the TA pre-compensation work on: (i) whether and/or what parameters to broadcast for TA pre-compensation, and (ii) when broadcasted, how often the broadcasted parameters are expected to change over time..
· RAN2 has discussed TA pre-compensation reporting and agreed that at least for uplink scheduling adaptation, the UE may report information about the UE specific TA pre-compensation. RAN2 would like to ask RAN1 to provide input on the exact content and frequency of UE reporting of information about the UE specific TA pre-compensation at least for uplink scheduling adaptation.

Moderator recommended to focus on concrete design of Option 1 below: 
•	Option 1: Feeder link timing drift is compensated by UE using Common TA parameters
•	Option 2: Feeder link timing drift is compensated by the Network in a way transparent to UE

Figure 1 shows the plots of Common TA, NTA,common, Common TA drift rate NTA,common,drift,rate, and Common TA drift rate variation NTA,common,drift,rate,variation over feeder link for LEO=600 km Set 1 parameters. [image: ]

Figure 1: common TA, Common TA drift rate, and Common TA drift rate variation
Observation 1: In case the reference point is at the gNB, broadcast common TA with a SIB periodicity as high a 1 second is not sufficient to maintain accurate UL-UL subframe alignment, which exceeds the cyclic prefix for PUSCH and PUCCH transmission 
UE implementation can adjust TA on a slot basis in NR as illustrated in Figure 2. The UE reads NTN SIB  Common TA parameters at time t = n. UE calculate TA(n+1), TA(n+2), …, TA(n+K) and apply TA pre-compensation at time t=n+1, n+2, .., n+K using TA(n+1), TA(n+2), …, TA(n+K). Then, at time t=n+K+1, UE reads NTN SIB  Common TA parameters, calculate new TA values TA(n+K+2), TA(n+K+3), …, TA(n+2*K) and apply TA pre-compensation at time t=n+K+1, n+K+2, .., n+2*K using TA(n+K+2), TA(n+K+3), …, TA(n+2*K). And so on.
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Figure 2: UE pre-compensation of common TA on feeder link

Figure 3 shows that the maximum delay error over the feeder link to less than 0.1 us assuming the device reads the NTN SIB carrying common TA parameters  NTA,common,drift,rate , NTA,common,drift,rate,variation and  NTA,common,third,order,derivative once every 30 seconds. 
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Figure 3: Maximum common delay error over the feeder link


	Prediction time [s]
	2.2 us
	5.5 s
	10.9 s
	16.4 s
	21.8 s
	27.3 us
	32.8 s

	Delay error with drift rate  
	0.11 us
	0.68 us
	2.81 us
	6.36 us
	11.3 us
	17.3 us
	-

	Delay error with drift rate  and drift rate variation 
	0.006 us
	0.009 us
	0.03 us
	0.10 us
	0.25 us
	0.49 us
	0.84 us

	Delay error with third derivative
	0.002 us
	0.007 us
	0.007 us
	0.009 us
	0.02 us
	0.03 us
	0.07 us



Table 1: Maximum common delay error over the feeder link

Proposal 1: If feeder link timing drift is to be compensated by UE using common TA parameters, the Network may periodically broadcast:
· Common delay 
· Common delay drift rate 
· Common delay drift rate variation 
· Common third order derivative 
Where 
  
· Common delay  is NTA,common  / 2
· Common delay drift rate is  NTA,common,drift, rate / 2
· Common delay drift rate variation is  NTA,common,drift,rate,variation  / 2 
· Common delay third order derivative is NTA,common,drift,thrird_order,derivative  / 2

Granularity and signalling of Common TA Parameters
This section is related to Issue#3 Granularity and signalling of Common TA in FL summary in [3].
The moderator made updated proposal in RAN1#105e and encouraged companies to further comment and contribute in next meeting.
In case of LEO/MEO based non-terrestrial access network:
· The granularity of Common TA is set to be 64⁄2^μ ∙T_c
In case of GEO based non-terrestrial access network:
· The granularity of Common TA is set to the same as the granularity of N_TA, i.e., (16∙64)⁄2^μ ∙T_c.
μ is the highest allowed numerology for the given Frequency Range



In TS 38.213 Section 4.2, in case of random access response and  = 0, 1, 2, ..., 3846. If the granularity of common TA, NTA,common  is set to the same granularity of NTA, this gives a common TA error of 0.52 us with numerology μ=0 for GEO. This exceeds the legacy UE timing error (Te) in TS 38.133 as shown in Table 1 in Section 2.4. 
Observation 2: If   (16∙64)⁄2^μ ∙T_c is used for GEO, this gives a common TA error of 0.52 us, which exceeds the legacy UE timing error (Te) in TS 38.133.
For LEO/MEO/GEO, using granularity 64⁄2^μ ∙T_c gives a common TA error of 32.55 ns for numerology μ=0 and 2.03 ns for numerology μ=4. Assuming max RTD of feeder link in GEO of 270.73 ms as in TS 38.811, this gives a maximum of  
· 27 bits for numerology μ=4 (i.e. 270.73 ms / (64 * 1/(480000*4096) / 24) = 132710478 ≤ 227)
· 23 bits for numerology μ=0 (i.e. 270.73 ms / (64 * 1/(480000*4096) / 20) = 8294410 ≤ 223)
Observation 3: The maximum range of common TA is 

It seems reasonable if the delay error due to common TA granularity is not higher for GEO than it is for LEO/MEO. This allows same bit-length is used for the indication without need for additional indication on how to distinguish GEO and LEO to determine the corresponding granularity and reduces impact on the specifications.
Proposal 2: The granularity of Common TA is set to be 64⁄2μ ∙Tc for LEO/MEO/GEO based non-terrestrial access network.

TA update in RRC connected
This section addresses Issue#6 in FL summary in [3]. RAN1#104e made the following 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

· 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

In RAN1#1045-e, the moderator made the initial proposal
Companies are encouraged to review the Updated Proposal 6 and provide inputs to RAN1#106-e on the following aspects:
· The formula to be used for UE-specific TA
· The formula to be used for Common TA
· Whether some enhancements are needed regarding NTA update
· RAN1 working assumption would be that the UE always add the accumulated TA command and UE autonomous TA. BUT the group needs to check if there is any concern.

The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Once device has applied the delay pre-compensation in RRC connected, the residual delay is very small and well within the range of TA values specified in Release 15. There is no need to increase or change the TA range to support NTN. 
Proposal 3: For closed loop TA update in connected mode, update NTA with  , where TA={0,1,2,…,63} is indicated in MAC CE TA command without any enhancements. 
The UE-specific TA NTA,UE-specific is calculated by UE based on its GNSS-acquired location and the satellite ephemeris broadcast on NTN SIB. The need for additional timing indication in DL between satellite denoted by ds,DL and device and in UL between device and satellite denoted by ds,UL should be clarified.  Assume the device read the satellite ephemeris broadcast at time t. The device implementation can determine ds,DL  and ds,UL autonomously at any given time t+t1+K and t1+t2 +K respectively and use the correct calculated NTA,UE-specific at time t+t1+t2+K. Alternatively, the UE can determine t3=t1+t2 and then use the correct calculated NTA,UE-specific = t+t3+K. Note that K is the prediction time from time t where UE reads the satellite ephemeris on NTN SIB and time t+K where the UE pre-calculate the amount of delay pre-compensation. Knowing the UE-satellite distance at time t and also knowing the UE-satellite distance at time t1, the UE can determine the  ds,DL  and ds,UL autonomously in straightforward way. 
Observation 4: Inclusion in NTA,UE-specific formula of additional timing in DL between satellite denoted by ds,DL and device and in UL between device and satellite denoted by ds,UL is not necessary. 
The common TA, NTA,common, can be determined by the device based on the common TA parameters broadcast on NTN SIB. Similarly to the analysis above for NTA,UE-specific,  the device implementation can determine t3=t1+t2 and then use the correct calculated NTA,common = t+t3+K. 
Proposal 5: How the UE calculates/update the NTA,common can be postponed discussion until the issue of what common TA parameters are indicated on NTN SIB is concluded.

NTN UE Time Alignment Timers
This section addresses Issue#7 in FL summary in [3]. In RAN1#105-e, the moderator made the initial proposal:
From RAN1 perspective validity timers for satellite ephemeris and common TA are needed to maintain UL
synchronization in NTN:
· A validity timer configured by the network for satellite ephemeris defines the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris. 
· A validity timer configured by the network for Common TA defines the maximum time during which the UE can apply the Common TA without having acquired new Common TA parameters to be used for Common TA calculation.
FFS: Whether only one validity timer is configured for both Common TA and satellite ephemeris information

UE pre-compensation on TA and Doppler shift over service link is illustrated in Figure 4. The accuracy of service link prediction of TA calculation and Doppler shift calculation was shown to be very accurate in Section 3. NR device has no restriction on using its GNSS module, which means it can be assumed that the device has an accurate GNSS-acquired location. Hence, GNSS acquired position in UE is not significant factor for time alignment validity timer.
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Figure 4: UE pre-compensation on TA and Doppler shift over service link

The GateWay propagates the satellite ephemeris with some error that depends on the length of prediction in the NTN Control Center (NCC) as discussed in [4]. This error on the satellite ephemeris broadcast by the eNB is unknown to the UE. 
· Position error due to NTN prediction < 30 m
· Velocity error due to NTC prediction < 30 mm/s
There is a factor of 1000 between the position error (in m) and the velocity error (in m/s)

Adding the NCC position to the prediction error of the UE-specific calculated TA could break the transmit timing error or cyclic prefix. For example, assuming the NCC position error of 30 m could lead to a one-way delay error of 0.1 us. 
Assuming NCC position error is 90 m, then the one-way delay error could be 0.3 us. Further, consider terrestrial timing error at BS reception in Table 1. With SCS=15 kHz for SSB and 60 kHz for UL transmission, then the legacy error at gNB is around 0.46 us or 39% of Cyclic prefix. This includes the legacy UE timing error (Te) of 0.33 us in TS 38.133, the TAC resolution error ±128*Tc, and the TA adjustment error ±128*Tc.  Adding 0.3 us error due to NCC, this error goes up to 0.76 us or 64.4 % of CP. The sum of UE-specific TA error and common TA error should be smaller than 0.41 us (=1.18 us – 0.76 us) or about 0.2 us one-way delay error. The network could assume a typical device implementation for the accuracy of the UE-specific TA error and common TA error and configure the UL timing alignment validity timer to define the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris. 

Assuming the satellite ephemeris and the common TA parameters are broadcast on NTN SIB with same periodity, it seems sufficient if the network configures only a single UL timing alignment validity timer. The UE could acquire, store in its memory, and apply the ephemeris and common TA parameters broadcast on NTN SIB for UE-specific TA calculations and common TA calculations. The stored satellite-assisted information could be refreshed every time the UE acquires the NTN SIB, i.e. the UE considers the stored ephemeris or common TA parameters as invalid, as soon as it acquires the NTN SIB, and overrides it with the new information. It seems desirable that a time alignment validity time could be defined for the stored ephemeris and common TA parameters to clarify UE behaviour where the UE chooses not to acquire a new NTN SIB with ephemeris and rely on prediction of the ephemeris and common TA during the validity time. 

Proposal 5: A single time alignment validity timer is configured by the network defines the maximum time during which the UE can apply the satellite ephemeris and common TA parameters without having acquired new satellite ephemeris or common TA parameters.









Table 1: Existing TN timing error at BS reception
	SSB SCS
	UL SCS
	Legacy UE timing error (Te)  
	TAC resolution error 
	TA adj. accuracy 
	Legacy error @ BS

	
	
	 (A) 
	 (B) 
	 (C) 
	(D)=(A)+(B)+(C) 

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

	15
	15
	768
	0.39
	± 512
	± 256
	1536
	0.78
	17%

	
	30
	640
	0.33
	± 256
	± 256
	1152
	0.59
	25%

	
	60
	640
	0.33
	± 128
	± 128
	896
	0.46
	39%

	30
	15
	512
	0.26
	± 512
	± 256
	1280
	0.65
	14%

	
	30
	512
	0.26
	± 256
	± 256
	1024
	0.52
	22%

	
	60
	448
	0.23
	± 128
	± 128
	704
	0.36
	31%

	120
	60
	224
	0.11
	± 128
	± 128
	480
	0.24
	21%

	
	120
	224
	0.11
	± 64
	± 32
	320
	0.16
	28%

	240
	60
	192
	0.10
	± 128
	± 128
	448
	0.23
	19%

	
	120
	192
	0.10
	± 64
	± 32
	288
	0.15
	25%


Indication of common frequency pre-compensation offset on DL service link
This section addresses Issue#11 in FL summary in [3]. In RAN1#105-e, the following feature lead recommendation was made:

Companies are encouraged to study the pro and cons of support of Common DL frequency compensation for the service link Doppler. By taking into account the impact on the UE, gNB and the signalling overhead especially in case of  the Earth fixed cell.
· Is support of Common DL frequency compensation for the service link Doppler beneficial and needed?
· Companies are encouraged to provide simulations on the benefits of support of  Common DL frequency compensation for the service link Doppler:
Note: the performance evaluation on the DL synchronization performance is conducted during the SI. The corresponding results are summarized in [R1-1909479]. But it seems that they do not clearly show the necessity of support of  Common DL frequency compensation for the service link Doppler
· What would be the reasonable Way forward?
· WF1: Similar to Earth moving cell, the amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. 

Note: In this case, the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters. every 2.3 seconds. Which make this is WF questionable.

· WF 2:  Indicate the beam-specific ECEF co-ordinates of a fixed Reference Point w.r.t the common Doppler shift experienced on the DL service link is pre-compensated by the gNB. 

Note: The UE will assume that the pre-compensation changes continuously with time. Thereby,  the gNB DL frequency needs to be periodically updated so that the deviation between the UE self-calculated DL pre-compensation (based on indicated beam-specific ECEF co-ordinates and Satellite ephemeris) and actual pre-compensation remains within a defined threshold e.g. 10% of 0.1PPM.

· WF3: deprioritize support of DL frequency compensation for the service link Doppler in Release 17.

The UE is indicated the common Doppler shift pre-compensation if applied by the gNB and subtracts it from the UE-specific Doppler shift for pre-compensation. We consider the following to allow UE to calculate the common Doppler shift accurately in case of earth-fixed beam:
· In WF1,  the common Doppler shift  w.r.t. beam centre can be broadcast and read  on the NTN SIB with high update rate. 
· In WF2, the beam-specific ECEF co-ordinates of a fixed Reference Point can be indicated and read on NTN SIB with high update rate.


WF1 and WF2 will force a high update rate of common Doppler shift parameters on NTN SIB, where UE may need to read the SIB every second or so. This seems not good way and should only be considered if there is no other way. Further, if DL common Doppler shift pre-compensation is applied, the AFC algorithm for frequency tracking may be different due to 
(i) smaller max residual Doppler shift of ±10 ppm or ±20 kHz assuming cell radius of up to 250 km compare to max Doppler shift of  ±24 ppm or ±48 kHz; 
(ii) Doppler shift continuity when the beam is switched as illustrated on Figure 5.
(iii) Need for measurement gap in order perform neighbor beam search and measurement

Observation 5: Optimization of frequency tracking with AFC algorithm is an essential functionality for NR NTN implementation and would necessitate knowledge of DL common Doppler shift pre-compensation as early as possible during initial synchronization.

Observation 6: DL common Doppler shift pre-compensation is only useful for fc<3GHz DL where it helps reduce the Cell Search range to be within half the raster spacing. For other Frequency ranges, it is not needed. 


Proposal 6: DL common Doppler shift pre-compensation is indicated in MIB if applied.
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Figure 5: Satellite Doppler shift discontinuity with DL common frequency compensation


In WF3, it seems reasonable to deprioritize support of DL common frequency compensation for the service link Doppler in Release 17. The main issue to resolve is the ambiguity due to the satellite Doppler shift and crystal inaccuracy in the DL synchronization stage for DL carrier frequency < 3 GHz where the Carrier Frequency Offset (CFO) can be greater than half the raster spacing 100 kHz/2 = 50 kHz. This may result in the UE synchronizing to the neighbor raster spacing, which gives ambiguity on the value of the DL carrier frequency. During initial access, the UE synchronizes to a DL carrier frequency and calculates the Doppler Frequency Shift (DFS) corresponding to the satellite Doppler shift using its GNSS-acquired location and satellite ephemeris broadcast on NTN SIB. The UE can determine accurately the DL ARFCN by subtracting the DFS from the DL carrier frequency.  Doppler Frequency Shift discontinuity when switching the beam is avoided if DL common frequency compensation is not applied, which greatly simplifies AFC implementation for frequency tracking and cell search.

Table 2: Maximum Doppler drift for LEO @ 600 km
	
	fc<3GHz (FR1)
	3GHz<fc<6GHz (FR1)
	fc>24.25GHz (FR2)

	Raster spacing/2
	50 kHz
	720 kHz
	8.64 MHz

	Crystal error @ ±10 ppm
	±20 kHz @ 2 GHz
	±50 kHz @ 5 GHz
	±200 kHz @ 20 GHz

	Max Doppler shift
	±48 kHz @ 2 GHz
	±120 kHz @ 5 GHz
	±480 kHz @ 2 GHz



Observation 7: The UE can determine accurately the DL ARFCN by using its GNSS-acquired location and satellite ephemeris to calculate the Doppler Frequency Shift (DFS) corresponding to the satellite Doppler shift and subtracting it from the DL carrier frequency it synchronized to during initial access.

Observation 8: There are significant benefits in WF3 approach:
· High update rate of DL common frequency parameters NTN SIB by UE is not needed.
· Doppler Frequency shift discontinuity when switching the beam is avoided if DL common frequency compensation is not applied, which greatly simplifies AFC implementation for frequency tracking, cell search and cell measurement.

Proposal 7: DL frequency compensation for the service link Doppler is not supported.

[bookmark: _Ref31705530]Serving satellite ephemeris format 
This section addresses Issue#14 in FL summary in [3]. RAN1#104bise made the following agreements:
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

The orbital parameters can be transformed to state vector position and velocity at epoch time t0 followed by propagation of satellite position and velocity to time t; or the orbital parameters can be propagated to time t followed by transform to state vectors position and velocity at time t. The satellite orbital parameters are illustrated in Figure 6 
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Figure 6: Satellite ephemeris Orbital parameters
[bookmark: _GoBack]An example of serving satellite ephemeris with orbital parameters broadcast on NTN SIB is shown below. The orbital elements are osculating elements (instantaneous ones to give the same accuracy as the position/velocity), and not the average/mean ones. The orbital parameters eccentricity, periapsis, semi-major axis vary significantly over the duration. The mean anomaly varies significantly as this reflects the difference between the assumption that the satellite orbit is a perfect ellipse/circle assuming the earth is a perfect sphere, and the reality that the orbit does not follow a Keplerian orbit of a perfect ellipse/circle due to the non-spherical earth shape. This is explained by the perturbations that affect the orbital propagation, mainly the non-sphericity of the Earth shape (Earth’s oblateness). Earth radius at pole is 21 km smaller than Earth radius at equator. For a nearly polar orbit (and very close to the Earth), it impacts significantly the propagation of the orbital elements.
  Epoch time to                              α (km)                  e                     I (deg)              Ω (deg)               ω (deg)                M (deg)    
 ------------------------------------------------------------------------------------------------------------------------------------------------------------
 2021/01/01-00:00:00.000     6919.955143    0.001650732      97.574021193    36.126537772    64.902440674      295.175021671     
 2021/01/01-00:00:01.000     6919.951705    0.001651935      97.574022789    36.126537826    64.940253179      295.200230115     
 2021/01/01-00:00:02.000     6919.948274    0.001653137      97.574024401    36.126537882    64.978022032      295.225482138

The corresponding satellite position {SX, SY, SZ} and satellite velocity {VX, VY, VZ} are shown below for the example 
  Epoch time                           SX (km)             SY (km)                SZ (km)        VX (km/s)          VY (km/s)          VZ (km/s)                                                                                                                                                                                                                                                      
 ---------------------------------------------------------------------------------------------------------------------------------------------------
 2021/01/01-00:00:00.000     5584.564377     4078.146732      -11.231645     0.591075179    -0.807929297     7.528623249                                                                                                                                                                                                                                                      
 2021/01/01-00:00:01.000     5585.151982     4077.336215       -3.702637      0.584333173    -0.812851898     7.528630518                                                                                                                                                                                                                                                      
 2021/01/01-00:00:02.000     5585.732846     4076.520777        3.826369      0.577590439    -0.817773537     7.528628699  


Time reference provisioning for PV ephemeris and orbital ephemeris formats:
Figure 7 shows that prediction 120 s ahead for UE pre-compensation is accurate within 0.247 us for delay error and within 10.7 Hz for Doppler error for position and velocity ephemeris format; and accurate within 0.523 us for delay error and within 17.6 Hz for Doppler error for position and velocity ephemeris format. Although the prediction can be done ahead over several minutes, it is necessary that the ephemeris is broadcast with low latency and high accuracy for access. 
Observation 9: A UE first coming into coverage of a satellite needs to immediately access if it is paged or if it needs to transmit data. The UE must be able to receive the satellite ephemeris on NTN SIB broadcast with periodicity 0.5s or 1 s. A longer SIB periodicity is not desirable due to short satellite dwell time (~10 minutes)
For both ephemeris formats Set 1 and Set 2, it is not necessary to include the epoch time if it is implicitly known as a reference time linked to DL subframe where NTN SIB is broadcast. This saves signaling payload of about 5 bytes on NTN SIB. ECEF can be used as referential for PV. Orbital parameters initial reference frame redefined at each epoch time.
Observation 10: Signaling of epoch time on NTN SIB requires a payload of approximately 5 bytes.
Proposal 8: Epoch time is implicitly known as a reference time linked to DL subframe where NTN SIB is broadcast. 
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Figure 7: Prediction of delay error and frequency error over service link

Payload of Position and velocity state vector ephemeris format: 
It was observed via simulations that a SIB overhead for satellite position {SX, SY, SZ} and velocity {VX, VY, VZ} ephemeris of 16 bytes are sufficient to allow accurate prediction of satellite delay and Doppler shift as shown in Table 3.  
Table 3: Payload of Position and velocity state vector ephemeris format.
	Position and Velocity Ephemeris
	Resolution
	#bits
	Resolution
	#bits

	Satellite Location (Range  ≤ ±43000 km)
	0.33m 
	3*28=84 
	1.3m 
	3*26=78 

	Satellite Velocity  (Range ≤ ±8 km/s)
	0.015 m/s 
	3*20=60 
	0.06 m/s 
	3*18=54 

	Payload
	18 bytes
	16 bytes




Payload of Orbital parameter ephemeris format: 
It was observed via simulations that a SIB overhead for orbital parameters of 16 bytes are sufficient to allow accurate prediction of satellite delay and Doppler shift as shown in Table 4.  
Table 4: Payload of orbital parameter ephemeris format.
	Orbital ephemeris
	α
	e
	ω
	Ω
	I
	Mo

	Bit allocation
	26 bits
	19 bits
	24 bits
	18 bits
	17 bits
	24 bits

	Range  
	±43000 km
	≤ 0.015
	[0, 2π]
	[-180o , +180o]
	[-90o  , +90o ]
	[0, 2π]

	Payload
	~18 bytes




Proposal 9: Support satellite ephemeris format bit allocations
· Position and velocity state vector ephemeris format (16 bytes payload). 
· The field size for position [m]  is 78 bits
· The field size for velocity [m/s] is 54 bits
· Orbital parameter ephemeris format (18 byte payload)
· Semi-major axis α [m] is 33 bits
· Eccentricity e is 19 bits
· Argument of periapsis ω [rad] is 24 bits 
· Longitude of ascending node Ω [rad] is 21 bits
· Inclination i [rad] is 20 bits
· Mean anomaly M [rad] at epoch time to is 24 bits

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for UL time and frequency synchronization. 

Indication of common TA drift parameters:
Observation 1: In case the reference point is at the gNB, broadcast common TA with a SIB periodicity as high a 1 second is not sufficient to maintain accurate UL-UL subframe alignment, which exceeds the cyclic prefix for PUSCH and PUCCH transmission 
Proposal 1: If feeder link timing drift is to be compensated by UE using common TA parameters, the Network may periodically broadcast:
· Common delay 
· Common delay drift rate 
· Common delay drift rate variation 
· Common third order derivative 
Where 
  
· Common delay  is NTA,common  / 2
· Common delay drift rate is  NTA,common,drift, rate / 2
· Common delay drift rate variation is  NTA,common,drift,rate,variation  / 2 
· Common delay third order derivative is NTA,common,drift,thrird_order,derivative  / 2

Granularity and signalling of Common TA Parameters:

Observation 2: If   (16∙64)⁄2^μ ∙T_c is used for GEO, this gives a common delay error of 0.52 us, which exceeds the legacy UE timing error (Te) in TS 38.133.
Observation 3: The maximum range of common TA is 

Proposal 2: The granularity of Common TA is set to be 64⁄2^μ ∙T_c for LEO/MEO/GEO based non-terrestrial access network.

TA update in connected mode
Proposal 3: For closed loop TA update in connected mode, update NTA with  , where TA={0,1,2,…,63} is indicated in MAC CE TA command without any enhancements. 
Observation 4: Inclusion in NTA,UE-specific formula of additional timing in DL between satellite denoted by ds,DL and device and in UL between device and satellite denoted by ds,UL is not necessary. 
Proposal 4: How the UE calculates/update the NTA,common can be postponed discussion until the issue of what common TA parameters are indicated on NTN SIB is concluded.

NTN UE Time Alignment Timers:
Proposal 5: A single time alignment validity timer is configured by the network defines the maximum time during which the UE can apply the satellite ephemeris and common TA parameters without having acquired new satellite ephemeris or common TA parameters.


Indication of common frequency pre-compensation offset on DL service link
Observation 5: Optimization of frequency tracking with AFC algorithm is an essential functionality for NR NTN implementation and would necessitate knowledge of DL common Doppler shift pre-compensation as early as possible during initial synchronization.

Observation 6: DL common Doppler shift pre-compensation is only useful for fc<3GHz DL where it helps reduce the Cell Search range to be within half the raster spacing. For other Frequency ranges, it is not needed. 

Proposal 6: DL common Doppler shift pre-compensation is indicated in MIB if applied.

Observation 7: The UE can determine accurately the DL ARFCN by using its GNSS-acquired location and satellite ephemeris to calculate the Doppler Frequency Shift (DFS) corresponding to the satellite Doppler shift and subtracting it from the DL carrier frequency it synchronized to during initial access.

Observation 8: There are significant benefits in WF3 approach:
· High update rate of DL common frequency parameters NTN SIB by UE is not needed.
· Doppler Frequency shift discontinuity when switching the beam is avoided if DL common frequency compensation is not applied, which greatly simplifies AFC implementation for frequency tracking, cell search and cell measurement.

Proposal 7: DL frequency compensation for the service link Doppler is not supported.

Serving satellite ephemeris format
Observation 9: A UE first coming into coverage of a satellite needs to immediately access if it is paged or if it needs to transmit data. The UE must be able to receive the satellite ephemeris on NTN SIB broadcast with periodicity 0.5s or 1 s. A longer SIB periodicity is not desirable due to short satellite dwell time (~10 minutes)
Observation 10: Signaling of epoch time on NTN SIB requires a payload of approximately 5 bytes.
Proposal 8: Epoch time is implicitly known as a reference time linked to DL subframe where NTN SIB is broadcast. 
Proposal 9: Support satellite ephemeris format bit allocations
· Position and velocity state vector ephemeris format (16 bytes payload). 
· The field size for position [m]  is 78 bits
· The field size for velocity [m/s] is 54 bits
· Orbital parameter ephemeris format (18 byte payload)
· Semi-major axis α [m] is 33 bits
· Eccentricity e is 19 bits
· Argument of periapsis ω [rad] is 24 bits 
· Longitude of ascending node Ω [rad] is 21 bits
· Inclination i [rad] is 20 bits
· Mean anomaly M [rad] at epoch time to is 24 bits

ANNEX A
Serving Cell ephemeris 
· Satellite Position vector  =(Sx, Sy, Sz) 
· Satellite Velocity vector 𝑉 ⃗=(Vx, Vy, Vz)
· Time reference for real-time Satellite position and Velocity is the end of frame where SIB was transmitted at the satellite side
· UE propagate satellite position and velocity between SIB transmissions to track satellite delay drift and Doppler drift
UE acquires its position  using its GNSS receiver
Calculated satellite delay:
·  ,   
· /c
Calculated satellite Doppler:
· 
The UE Propagate the satellite position and velocity in an inertial referential using canonical laws of mechanics:
· 
· 
·     is the gravity force vector with Gravity constant GM = 3.986004418e14  
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