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At the RAN#86 meeting, upon successful completion of the “Study Item on NR support non-terrestrial network” [1], the corresponding work item was approved [2], with core part completion by June 2021 (RAN#92), and the RAN4 performance part by December 2021 (RAN#94). The WID objectives for RAN1 are recalled hereafter :
	The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed

The detailed objectives for RAN1 are to specify enhancing features to Rel-15 & Rel-16’s NR radio interface & NG-RAN as follows:

Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode



In [3], we have provided a tentative work plan on the Rel-17 NR-NTN work item for information purpose only. In this document, it is proposed to start addressing the enhancements on UL time and frequency synchronization as first priority.
Working assumptions
The main principles assumed in this paper are summarized below:
1) According to Work Item description, the satellite payload is assumed to be transparent.
2) The Doppler shift experienced on the feeder links are perfectly compensated by the NTN GW.
3) The implementation of Doppler pre-compensation mechanisms is assumed on the DL transmissions.
4) According to Work Item description, it is assumed that UEs have GNSS capabilities. As a consequence, they are able to derive their location relying only on GNSS constellations (e.g. GPS, GLONASS, GALILEO, …).
5) System Information includes NTN specific information like the serving satellite position and velocity. 
6) The satellite position is considered as the reference point from a timing and frequency synchronization point of view.

Doppler shift pre/post compensation on the feeder links
It is assumed that the satellite orbit knowledge at gNB side is known with such precision that the Doppler shifts experienced on UL and DL feeder links can be perfectly pre-compensated and post-compensated respectively.
Doppler shift pre compensation on the DL service link.
We believe that this mechanism is needed to help the DL synchronization at UE side and limit the complexity of SSB detection. As a consequence, a Reference Point (RP) shall be defined for each cell. The Doppler shift experienced on the DL service link will be pre-compensated by the gNB w.r.t. this RP.
UE shall assume that the Doppler shift experienced on the DL service may be partially pre-compensated by the gNB.
UE GNSS capabilities
It is essential for RAN1/RAN2 to clarify what are the working assumptions that can be made when GNSS capabilities are assumed. These assumptions will be essential to define the enhancements on UL time and frequency synchronization.
GNSS- Based Positioning Terminal (GBPT) can receive multi-satellite, multi frequency, multi-constellation GNSS Signals and convert them into PVT (Position Velocity Time) values. Then, PVT values can be used by application modules (e.g. 5G chipset) to deliver a service.
However, this conversion to PVT suffers from a variety of impact factors [4] resulting in a degraded positioning performance. For instance, the PVT errors may arise from:
· The satellite configuration (orbital error, clock bias)
· The signal propagation (iono/tropospheric refraction, scintillation, …)
· The receiver noise (clock bias, antenna phase center variation, …)
· The receiver global location (geometrical distribution of the visible satellite, …)
· Local environment (RF noise, multipath, limited satellite visibility, …)

In order to characterize the positioning performance in the context of this WI, one can rely on some of the performance features identified in [4] and used them to derive practical performance metrics :
· Accuracy : Statistical characterization of the error in time and position
· Availability : Percentage of time during which the outputs of interest are available to the UE

Field studies have been performed and published extensively in the literature [4] [5] [6] to characterize typical localization performances with smartphones. Of course, the results are different depending on the device considered, the environment, the collecting method, … However, one can draw the following conclusions :
· In the NTN context (outdoor, open field, LoS predominance, NTN serving satellite in view …), the GNSS service can be roughly considered available at any time.
· In the NTN context, the GNSS based localization statistical error (3D accuracy) for handset UE can be roughly considered in the range from 1 m to 20 m (in most cases, it is much closer to 1 m)

The localization performances of handheld UE based on GNSS have been extensively studied in the literature.
In the NTN context (i.e outdoor conditions,  open field environment, LoS predominance, …), the GNSS service can be roughly considered available at any time and the associated localization error (3D accuracy) can be roughly considered in the range from 1m to 20m.
RAN1 to assume that the UE can derive its location based only on its GNSS capabilities.  
From RAN1 perspective, the UE location knowledge shall be considered available at UE side at any given time with acceptable accuracy.
NTN System Information
NTN SIB shall provide the serving satellite Position/Velocity (PV) values in ECEF coordinates under a standardized format. The absolute dating T of these PV values shall be implicit. It is assumed that the UE can derive the absolute dating T of the PV values implicitly by using the PV values themselves, its location and the time at which the sub-frame containing the SIB has been received at the UE.
The satellite PV(T) are needed to assist UL timing and frequency synchronization. It is assumed that the satellite orbit determination is performed through a proprietary solution (e.g. based on on-board GNSS measurements)  and shared with the gNB such that the gnB can broadcast the satellite PV(T) parameters under the right format.   
Moreover, the position in ECEF coordinates of the Reference Point (RP) w.r.t. which the DL Doppler pre-compensation has to be provided in the NTN SI. This will be used by the UEs to derive the pre-compensated Doppler value on the DL transmissions in the cell at any given time. This value may be needed to assist UL frequency synchronization when Doppler pre-compensation on the DL service link is considered. The RP position shall be known by the gNB so it can broadcast it under the right format.
Note : we propose to broadcast the position of the reference point because we are assuming an earth-fixed beam scenario. As a consequence, this position remains the same as long as the satellite is serving the cell. For earth-moving beam scenarios, it may be more suitable to broadcast the reference point direction w.r.t. the satellite nadir or even the pre-compensated frequency shift itself.
The proposed format for each element is described in the table below. 
The satellite position range is driven by GEO scenarios. The satellite velocity range is driven by the LEO scenarios. The RP position range is driven by the earth radius.
The resolution has been chosen such that the quantization noise is negligible w.r.t. the orbit precision that can be shared with the gNB. 
As consequence, the signaling overhead  related to NTN SI parameters is estimated to a total of 219 bits or approximately 28 bytes. Thus, the signaling load related to these new parameters seems reasonable.
Of course, the proposed format can be further optimized if needed.
Table 1 : Proposed format for new NTN SI parameters
	Parameters
	Range
	Resolution
	Number of bits

	Satellite Position Px, Py, Pz (ECEF)
	±50000 km
	0.4 m 
	3*28 = 84

	Satellite Velocity Vx, Vy, Vz (ECEF)
	±8 km/s
	0.015 m/s
	3*20 = 60

	Reference Point Position Px, Py, Pz (ECEF)
	±6500 km
	0.4 m
	3*25 = 75



The periodicity of broadcast for NTN SI parameters is mainly driven by the network (Initial Access latency. As a consequence, the satellite PV(T) and the reference point RP shall be broadcasted quite often, typically every few seconds. However, it will not be necessary for a UE in connected mode to read the new satellite PVT values in the SI such often since it should be able to propagate on its own (e.g. with basic Keplerian propagator model) the satellite PV(T) over a longer period (typically over few tens of seconds to few minutes) with a sufficient level of accuracy to maintain UL synchronization.
NTN SIB includes the satellite PV(T) in ECEF coordinates and the RP position in ECEF coordinates if needed
Broadcast NTN SI every few seconds.
Satellite ephemeris based one very precise satellite orbital parameters like TLE may also be useful to the UE at some point. However, the interest of such format is to allow the prediction of the satellite orbit on a very long period (typically few hours) in order to point a directive antenna in the satellite direction. Generally speaking, the pointing accuracy needed to close the link budget is much less restrictive than the level of accuracy regarding the satellite position and velocity that should be met in order to guarantee UL timing and frequency synchronization. As a consequence, satellite PV(T) values that will be propagated over several tens of second are preferred to assist UL synchronization. 
The considerations regarding providing satellite ephemeris information for another purpose than assisting the synchronization to serving satellite are discussed in [7].
The UL timing and frequency synchronization reference at the satellite
It is proposed to consider the reference point for UL timing synchronization at the satellite. It means that Timing Advance acquisition and updates are computed considering the satellite position as the reference for UL timing synchronization. As a consequence, the UL RX and DL TX frames are aligned only at the satellite. The gNB should be able to deal with a time shift of two times the gNB-Satellite common propagation delay between UL RX and  DL TX frames. This gNB-Satellite common delay is going to change continuously with time due to the satellite mobility. This principle is illustrated on Figure 1. Note that this common delay should be broadcasted within the NTN SIB if needed.
It is also proposed to consider the target UL reference frequency as the satellite RX frequency on the service link. This means that the UEs transmissions shall be frequency aligned at the satellite input. The sources of frequency misalignment (e.g. introduced inside the satellite transparent payload or on the feeder links) shall be handheld by either the gNB, the NTN GW or the satellite (but not the UEs).
The main advantage of considering UL timing and frequency synchronization reference point at the satellite input is to be compatible with all the compensation mechanisms that can be implemented either at the gNB, at the NTN GW, or at the satellite. Furthermore, it clarifies which part of the timing and frequency synchronization shall be handheld at UE side.
Consider the satellite as the reference from a timing and frequency synchronization point of view.
Broadcast the common delay between the gNB and the satellite in the NTN SIB.
[image: ]
[bookmark: _Ref43820835]Figure 1 : Impact of having the time reference for UL timing synchronization at the satellite on DL/UL framing alignment
UL timing synchronization for NTN
Initial acquisition
Before accessing the network, the UE must acquire correct timing synchronization so the UL signals are synchronized at the gNB. This is usually done during the RACH procedure. 
Problem statement
On one side, the current PRACH format are not compatible with the maximal differential delay experienced in NTN. 
Indeed, to ensure a successful PRACH sequences detection, the differential delay between two UEs transmitting within the same RACH occasion should be less than half the CP duration (or half the GP duration if GP < CP) of the PRACH format considered. The CP durations are summarized in Table 2 depending on the preamble format. Note that for PRACH short format a SCS of 60 kHz has been considered in the table but higher numerologies must also be supported.
[bookmark: _Ref43885225]Table 2 : PRACH format
	PRACH format, long ZC sequence

	Format
	SCS
	CP length
	SEQ length
	GP length
	Total duration

	0
	1.25 kHz
	103.13 μs
	1 x 800 μs
	96.88 μs
	1 ms

	1
	1.25 kHz
	684.38 μs
	2 x 800 μs
	715.63 μs
	3 ms

	2
	1.25 kHz
	152.60 μs
	4 x 800 μs
	647.40 μs
	4 ms

	3
	5 kHz
	103.13 μs
	4 x 800 μs
	96.88 μs
	1 ms

	PRACH format, short ZC sequence

	Format
	SCS
	CP length
	SEQ length
	GP length
	Total duration

	A1
	60 kHz
	2.34 μs
	2 x 16.67 μs
	0 μs
	35.68 μs

	A2
	60 kHz
	4.68 μs
	4 x 16.67 μs
	0 μs
	71.35 μs

	A3
	60 kHz
	7.03 μs
	6 x 16.67 μs
	0 μs
	107.03 μs

	B1
	60 kHz
	1.76 μs
	2 x 16.67 μs
	0.58 μs
	35.68 μs

	B2
	60 kHz
	2.92 μs
	4 x 16.67 μs
	1.75 μs
	71.35 μs

	B3
	60 kHz
	4.10 μs
	6 x 16.67 μs
	2.93 μs
	107.03 μs

	B4
	60 kHz
	7.61 μs
	12 x 16.67 μs
	6.44 μs
	214.06 μs

	C0
	60 kHz
	10.09 μs
	1 x 16.67 μs
	8.92 μs
	35.68 μs

	C1
	60 kHz
	16.67 μs
	4 x 16.67 μs
	23.70 μs
	107.05 μs



The maximum round differential delay that shall be supported in NTN have been summarized in Table 4.2-2 of [1] and are recalled hereafter.
Table 3 : Max differential delay to be supported in NTN scenarios
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km

	NOTE 6: The maximum differential delay at cell level has been computed considering the one at beam level for largest beam size. It does not preclude that cell may include more than one beam when beam size are small or medium size. However the cumulated differential delay of all beams within a cell will not exceed the maximum differential delay at cell level in the table above.



The PRACH format currently specified are not compatible with the maximal differential delay experienced in NTN.

On the other side, the current range of the Timing Advance (TA) command  used in case of random access response, defined in [8] does not cover the round trip times experienced in NTN [1].
The TA range definition extracted from [8] is recalled below :
	





In case of random access response, a timing advance command [11, TS 38.321], , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  kHz is .  is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response



The maximum TA values depending on the numerology used on the UL after the reception of the random access response are presented in Table 4. 
[bookmark: _Ref30587126]Table 4 : Maximal TA value depending on numerology
	Numerology 
	
 max value [ms]

	0 (SCS = 15 kHz)
	2.0046

	1 (SCS = 30 kHz)
	1.0023

	2 (SCS = 60 kHz)
	0.5012

	3 (SCS = 120 kHz)
	0.2506

	4 (SCS = 240 kHz)
	0.1252



The maximum round trip times that shall be supported in NTN have been summarized in Table 4.2-2 of [1] and are recalled in Table 5.
[bookmark: _Ref30587137]Table 5 : Max Round Trip Delay to be supported in NTN scenarios
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max Round Trip Time (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)
Scenario B: 270.73 ms (service link only)
	Scenario C: (transparent payload: service and feeder links)
25.77 ms (600km)
41.77 ms (1200km)

Scenario D: (regenerative payload: service link only)
12.89 ms (600km)
20.89 ms (1200km)



The range of the Timing Advance (TA) command used in case of random access response currently specified does not cover the round trip times experienced in NTN.
[bookmark: _Ref32330110]Proposed solution
One solution which has been proposed during the previous SI [1] consists in performing an autonomous acquisition of the TA at the UE side before PRACH transmission. 
[image: ] 
[bookmark: _Ref30604066]Figure 2 : TA in NTN
This can be done if the UE is able to estimate by itself the RTT between the time reference (i.e. the satellite) and its own location. 
To do so, the UE can rely on the following procedure :
1. The UE can derive its position based on its GNSS capabilities
2. The UE can derive the real-time position of the satellite based on its last acquisition of satellite PV(T) values within the SI and some basic propagator model.
3. The real-time propagation delay between the satellite and the UE td can be computed with simple geometric formulas.
4. TA is given by two times td


The first TA acquisition based on the RTT (w.r.t. the satellite) estimate should be performed by the UE before sending any UL transmissions including PRACH :  
It is worth noting that, to ensure the PRACH sequence successful detection, the residual error committed during first TA acquisition should be less than half the CP duration (or half the GP duration if GP < CP) of the PRACH format considered. The CP duration have been summarized in Table 2 depending on the preamble format. We can notice that the accuracy targets for long format seem rather achievable. The targets for some of the short formats seem more challenging.
The UE shall be able to autonomously acquire its TA with an accuracy better than half the CP duration of the selected PRACH format.
However, during this first acquisition, the UE can either underestimate or overestimate the TA. In case of overestimation, the PRACH sequence will be received at gNB side in advance w.r.t. the RACH occasion leading to unintended interference with previous OFDM symbols. This is illustrated on Figure 3.


[bookmark: _Ref43886545]Figure 3 : Impact of TA overestimation at UE side
If this behavior cannot be supported, then a common TA offset shall be introduced and applied by all the UEs on top of their autonomous TA initial acquisition. Assuming the UEs are able to acquire their TA with a sufficient level of accuracy, then a reasonable value for the TA offset is half the CP duration of the PRACH format configured in the cell. Since the PRACH format is already broadcasted by the gNB, it may not be necessary to broadcast the TA offset.
The UE shall apply a TA offset on top of its first TA acquisition. This offset shall be equal to  half the CP duration of the PRACH format configured in the cell.








In this condition, the residual error committed on the TA first acquisition is by definition a positive delay. This residual error should be indicated by the gNB using the RAR field dedicated to TA. As a consequence, in case of NTN random access response, , for a TAG indicates adjustment of a current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 3846, where for a SCS of  kHz, 
Maintenance procedure (TA update)
Once the initial timing acquisition has been established properly, the UE timing synchronization must be maintained. To do so, the gNB periodically measures the residual timing error committed on UL transmissions. When this timing error goes beyond a specific threshold, the gNB sends a specific timing adjustment command to the UE instructing it to retard or advance its timing relative to the current uplink timing. The user-specific timing-advance command is transmitted as a MAC control element on the DL-SCH. When the command is received, the UE shall take into account the corresponding correction before a specified time interval has expired. In typical cellular networks, the timing adjustment procedure is relatively infrequent depending on UE speed.
Problem statement
In NTN, the radial velocity between the satellite and the ground (i.e. UE location or NTN GW location) can reach significant values especially in NGSO scenarios. As a consequence, the propagation delay changes quickly. This phenomenon has been characterized in [1] where the maximum delay variation has been estimated for several scenarios (cf. Table 6).
In these conditions, the maintenance procedure may become rather challenging because the user-specific timing adjustment commands must be sent very often leading to critical DL signaling overhead. 
In NGSO scenarios, the timing adjustment procedure may become challenging because the user-specific timing adjustment commands must be sent very often leading to critical DL signaling overhead.
[bookmark: _Ref31014208][bookmark: _Ref31034934]Table 6 : NTN scenarios versus delay variation constraints [1]
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35786 km
	600 km

	Relative speed of Satellite with respect to earth
	Negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 10° for feeder link

	Maximum Delay variation as seen by the UE
(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec

	NOTE 2:	The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario
NOTE 4:	Speed of light used for delay calculation is 299792458 m/s.



Proposed solutions
One solution that have been proposed during the previous SI consists in enhancing UE capabilities related to timing adjustment [1]. In particular, it was foreseen to enable autonomous TA update at UE side based on the RTT (w.r.t the satellite) variation .
Enable autonomous TA update at UE side.
If the solution proposed for initial timing acquisition (see Section 3.1.2) is adopted then the UE shall be able to estimate the propagation delay between the satellite and its own location at any given time. Thus, it can derive the delay variation between consecutive transmissions and update its TA accordingly.
We believe that the existing timing adjustment loop and the proposed autonomous TA update should be implemented and used in support of each other depending on the configuration.
UL frequency synchronization for NTN
Problem statement
The radial speed of NGSO satellite as seen by the UE on the service link can reach significant values. As a consequence, the Doppler shifts experienced on the service DL and UL link become critical in the NGSO scenarios [1] (cf. Table 7). In particular, two phenomena will be observed :
· DL RX signal at UE side is going to be affected by the un-compensated Doppler shift due to satellite mobility ;
· UL RX signal at gNB side is going to be affected by the Doppler shift due to satellite mobility.
UE should be able to compensate for both effects when generating its UL frequency carrier. If it is not the case,  it is expected that UL frequency misalignment will be observed  between the UL transmissions received at the gNB leading to critical performance losses.
In case UEs cannot compensate for Doppler shifts experienced on both  DL and UL service links, it is expected that UL frequency misalignment will be observed between the UL transmissions received at the gNB leading to critical performance losses.

[bookmark: _Ref31191427]Table 7 : Max Doppler shift/drift to be supported in NTN scenarios
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21ppm(1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27 ppm/s (600km)



Proposed solutions
For UL transmissions (including PRACH), it is proposed that both Doppler shifts estimation and pre-compensation are conducted at the UE side. 
For UL transmissions, both Doppler shifts estimation and pre-compensation should be conducted at the UE side.
The acquisition of the Doppler shifts estimation can be done based on the following process :
1) When SSB has been successfully detected and SIBs can be decoded, the UE can derive from NTN SI :
a. The real time satellite PV(T)
b. The position  of the Reference Point w.r.t. which the DL Doppler pre-compensation is performed
2) UE can derive its own location thanks to its GNSS capabilities.
3) Based on these inputs and some basic satellite orbit propagator, the UE can derive for any given time :
a. Its own estimation of the residual Doppler experienced on the DL :
 
 [ppm]

b. Its own estimation of the Doppler experienced on the UL :

[ppm]

Where:
 is the vector product of  and 
 is the Euclidean norm of  


Figure 4 : Illustration of Doppler estimation formulas
Finally, the UE shall take into account these 2 elements when generating its UL frequency carrier  based on proprietary implementations. For instance, one can apply the following formula :

Where  refers to the UL frequency carrier generated by the UE,  refers to DL frequency carrier w.r.t which the UE is synchronized, and the   is computed as follows :

Where  and  are the reference UL and DL frequency carriers specified in the SI.
The key requirement for UL frequency synchronisation is the frequency error of ±0.1ppm w.r.t the frequency carrier expected by the gNB. Currently, this budget of ±0.1ppm includes all the residual frequency errors due to frequency tracking error and crystal oscillator drifts. We propose that the residual frequency error resulting of the imperfect satellite mobility compensation at UE side shall be included as well in this budget. It means that a portion of this budget shall be dedicated to this specific contribution.
Finally, it shall be investigated whether the Doppler shifts compensation conducted by the UE can match the requirements in terms of UL frequency error depending on the sub-budget allocated to this source of error.
The UE shall be able to compensate the frequency offset due to the satellite mobility when generating its UL carrier frequency. The residual frequency error shall be sufficiently low such that it can be considered included in the tolerated frequency error of 0.1 ppm already captured in the specification.
Conclusion
In this paper, the following observations and proposal have been made :
1. UE shall assume that the Doppler shift experienced on the DL service may be partially pre-compensated by the gNB.
1. RAN1 to assume that the UE can derive its location based only on its GNSS capabilities.  
From RAN1 perspective, the UE location knowledge shall be considered available at UE side at any given time with acceptable accuracy.
NTN SIB includes the satellite PV(T) in ECEF coordinates and the RP position in ECEF coordinates if needed.
Broadcast NTN SI every few milliseconds.
Consider the satellite as the reference from a timing and frequency synchronization point of view.
Broadcast the common delay between the gNB and the satellite in the NTN SIB.
The UE shall be able to autonomously acquire its TA with an accuracy better than half the CP duration of the selected PRACH format.
The UE shall apply a TA offset on top of its first TA acquisition. This offset shall be equal to  half the CP duration of the PRACH format configured in the cell.
Enable autonomous TA update at UE side.
For UL transmissions, both Doppler shifts estimation and pre-compensation should be conducted at the UE side.
The UE shall be able to compensate the frequency offset due to the satellite mobility when generating its UL carrier frequency. The residual frequency error shall be sufficiently low such that it can be considered included in the tolerated frequency error of 0.1 ppm already captured in the specification.

1. The localization performances of handset based on GNSS have been extensively studied in the literature.
In the NTN context (i.e outdoor conditions,  open field environment, LoS predominance, …), the GNSS service can be roughly considered available at any time and the associated localization error (3D accuracy) can be roughly considered in the range from 1m to 20m
The PRACH format currently specified are not compatible with the maximal differential delay experienced in NTN.
The range of the Timing Advance (TA) command used in case of random access response currently specified does not cover the round trip times experienced in NTN.
In NGSO scenarios, the timing adjustment procedure may become challenging because the user-specific timing adjustment commands must be sent very often leading to critical DL signaling overhead.
In case UEs cannot compensate for Doppler shifts experienced on both  DL and UL service links, it is expected that UL frequency misalignment will be observed between the UL transmissions received at the gNB leading to critical performance losses
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