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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#106-e and summarized in FL summary  for UL synchronization in [3].
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UL Timing synchronization aspects

Indication of common TA drift parameters 
This section is related to Issue #1 Indication of common TA drift parameters in FL summary in [3]. 
RAN1#106bis-e made the following agreement:
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:
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 moderator made the following recommendation:
FL Recommendation:
For the upcoming meeting Companies are encouraged to provide inputs on remaining FFS: 
· Details of combination of Common TA parameters:
· When Common TA includes parameters indicating timing drift, which of these parameters are mandatory? 
· 
· Moderator’s view: When the reference point is not Satellite: At least Common TA , Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.
· Whether Common TA third order derivative may be optionally indicated.
Hopefully we will close all open issues at the next meeting

The combinations of common TA parameters for consideration are at a minimum
· [Common TA , Common TA drift rate]
· [Common TA , Common TA drift rate and Common TA drift rate variation]

At a minimum the common TA drift should indicated as this parameter is needed to correct the Sampling Frequency Offset for DL synchronization in initial cell access procedure as is discussed in Section 3. To read 2 SIBs will increase the SINR loss for PDSCH detection due to contribution of feeder link delay drift on Sampling Frequency Offset during DL synchronization in initial cell access. 
Figure 1 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. The figures in Table 1 would suggest that prediction time of 10 seconds would be reasonable with indication of drift rate and drift rate variation with a maximum common delay error in the order of 1.Ts; prediction time of 30 seconds would be reasonable with additional indication of third derivative with a maximum common delay error in the order of 1.Ts.  
Based on analysis of prediction performance shown in Figure 1 and Table 1, when the timing alignment is at the gNB the 3rd order derivative is need for best performance to meet RAN4 timing requirements for UE pre-compensation for UL synchronization. Estimation of the 3rd order derivatives from multiple readings of SIB is possible but has the drawback of increases cell access time to move to RRC_CONNECTED. For example, assuming common TA parameters are broadcast once every 2 seconds, then 4 SIB reading will add 8 seconds to access time, which is longer that the coverage time of a beam spot of 50 km diameter.  The other issue is that the prediction time for common TA using common TA parameters should preferably of similar order of prediction time for UE-specific TA using UE location and ephemeris, to allow common TA parameters and ephemeris to be broadcast on the same NTN SIB with similar periodicity. A prediction time in the order of 30 seconds would be desirable.
Observation 1: The number of SIB readings needed to estimate common TA parameters increases the cell access time:
To estimate the 3rd order derivative:
· 4 SIB readings with only common TA indicated
· 3 SIB readings with common TA and common TA drift indicated
· 2 SIB readings with common TA, common TA drift and common TA drift variation indicated    
To estimate the common TA drift variation:
· 3 SIB readings with only common TA indicated
· 2 SIB readings with common TA and common TA drift indicated
NOTE: 4 SIB reading common TA parameters are broadcast once every 2 seconds will add 8 seconds to access time to move to RRC_CONNECTED, which is longer that the coverage time of a beam spot of 50 km diameter. With a typical in-coverage time of 2 minutes for a LEO satellite, this would result in an efficiency loss of 6.6 % (=8 seconds / 2 minutes * 100). A prediction time in the order of 30 seconds for the common TA parameters and ephemeris with at most 2 SIB readings per prediction period would allow these parameters to be broadcast on the same SIB with reasonable update of SIB in the UE. 

Proposal 1: Support combination of common TA parameters: [Common TA , Common TA drift rate and Common TA drift rate variation] and support Common TA 3rd order derivative indication.

When the reference point is not Satellite: At least Common TA, Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.
[image: ]




   







Figure 1: 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 / 4.Ts 
	0.68 us / 21.Ts
	2.81 us / 89.Ts
	6.36 us / 196.Ts
	11.3 us / 348.Ts
	17.3 us / 533.Ts
	-

	Delay error with drift rate  and drift rate variation 
	0.006 us / 1.Ts
	0.009 us / 1.Ts
	0.03 us / 1.Ts
	0.10 us / 3.Ts
	0.25 us / 8.Ts
	0.49 us / 16.Ts
	0.84 us / 26.Ts

	Delay error with third derivative
	0.002 us / 1.Ts
	0.007 us  / 1.Ts
	0.007 us / 1.Ts
	0.009 us / 1.Ts
	0.02 us / 1.Ts
	0.03 us / 1.Ts
	0.07 us / 2.Ts



Table 1: Maximum common delay error over the feeder link in µs and rounded up in Ts 

Granularity and signalling of Common TA Parameters
This section is related to Issue#2 Granularity and signalling of Common TA in FL summary in [3].
RAN1#106bis-e made the following agreement
Agreement:
· The granularity of Common TA is set to be 
·  μ is the highest allowed numerology supported for data, for the given Frequency Range

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

	TACommon 
	TACommon is a network-controlled common TA, and may include any timing offset considered necessary by the network.
TACommon  with value of 0 is supported. 
	TBD
	TBD
	cell
	Cell-specific




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 2: 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: On value range is used for GSO and NGSO with the following granularities for numerology µ=0:
· Common TA is 23 bits
· Common TA drift is 18 bits
· Common TA drift rate variation is 18 bits
· Common TA 3rd order derivative is 18 bits
The granularities are scaled by 2µ for higher numerologies

NTA update/accumulation
This section addresses Issue#4 and Issue5-1 and Issue #5-2 in FL summary in [3]. RAN1#106bis-e made the following agreement:
For this issue in RRC_CONNECTED, RAN1 agreed to send an LS to RAN4.
R1-2110604	LS on Combination of open and closed loop TA control in NTN	RAN1, Thales
In RAN1#106bis-e the following conclusion was made for Issue#4 on TA margin
Conclusion:
Do not define a TA margin.
In RAN1#106bis-e, the moderator made the following recommendation on NTA update /accumulation for TAC(TA) in msg2/msgB:
FL Recommendation: 
In light of the conclusion made on issue#4 and by considering the remaining issue discussed in section 4.3, Companies are encouraged to further discuss/comment the following proposal in RAN1#107e:
Initial proposal 5-1: 
When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
  and   = 0


Since RAN1 agreed that TA margin is not specified, Option 1 and Option 2 do not apply. The simplest way is that NTA_old = 0 when TAC (T_A) in msg2/msgB is received 

Proposal 3: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
  

NTN UE Time Alignment Timers
This section addresses Issue#6 in FL summary in [3]. 
In RAN1#106-e, the following agreement was made:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.

In RAN1#106bis-e, the following agreement was 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 signalled in the same SIB message. 
The moderator made the following updated proposal 6-4 (rev 1) which was not agreed and recommendation
W.r.t Indication of the validity duration: 
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



Thales R1-2108720 Table 6 “Satellite PV errors - propagation model errors taken into account” showed a NTN Control Center (NCC) prediction of 5 minutes can provide satellite position and velocity with an accuracy within 3.87 meters and 15.66 mm/s respectively. This would be consistent with on-going discussions in RAN4 on timing requirements for UL synchronization.

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. This could be achieved within a prediction time of 30 seconds with  maximum common delay error in the order of 1.Ts (as shown in Table 1 in Section 2.1) and a prediction time of 30 seconds with  maximum delay error over the service link in the order of 1.Ts (as shown in Table 3 in Section 4). Hence, it seems reasonable to only use a single time alignment timer that 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. There is no obvious reason why the NTN UE timing alignment timer should be per BWP. It should be per cell.

Observation 3: A prediction time of 30 seconds in the UE with maximum common delay error in the order of 1.Ts and a prediction time of 30 seconds with maximum delay error over the service link in the order of 1.Ts can be achieved. 

Observation 4: The prediction time in the NTN Control Center should be at least equal or greater than a typical UE prediction time of 30 seconds since the Gateway/gNB system has higher processing capability for long-term prediction of satellite position and velocity..

Proposal 4: A single time alignment validity timer is configured by the network with 
· Value range [30, 60, 90, 120, 180, 240, 300] 
· Unit is second
· Per cell
· Default value is 300


Indication of common frequency pre-compensation offset on DL service link
This section addresses Issue#8 in FL summary in [3]. In RAN1#106bis-e, the following recommendation was made by the moderator:

On issue#8: Companies are encouraged to read each other views expressed within different contributions and during different round of discussions during last RAN1 meetings.
In next RAN1 meeting, companies are encouraged to discuss/propose what would be the reasonable way forward: 
· Option 1: Deprioritize support of Common DL frequency compensation for the service link Doppler shift.
· Option 2: Common DL frequency compensation for the service link Doppler shift is supported:
· Proponents are encouraged to provide more details on the signaling of the amount of compensated frequency (amount of indicated compensated frequency, granularity, indication periodicity...etc )  if DL common frequency compensation is applied by the network:
· For Earth moving cell/beam
· For Earth fixed cell/beam


Option 1: It seems reasonable to deprioritize support of DL common frequency compensation for the service link Doppler in Release 17. The main issues are:

1. Impact on DL Synchronization and DL demodulation performance if DL common frequency pre-compensation offset is applied by the network:

Before receiving the NTN SIB with the indication of the DL common Doppler shift pre-compensation, the UE cannot track the delay drift over the service link if the received frequency has been pre-compensated by the DL common Doppler shift. This is because the DL frequency is shifted by the differential Doppler shift based on DL common Doppler shift pre-compensation, while the delay drift is based on the satellite movement regardless of whether the DL common Doppler shift is applied or not. In such case the UE cannot derive the right sampling rate for the DL signal using the DL frequency as a reference resulting in a delay drift rate of ±23 ppm. We include some analysis below to further describe this issue.


Satellite links impacts on DL signals transmitted by the gNB is illustrated in Figure 2:
· Doppler shift on the service link () which is a result of the service delay drift impact to the carrier frequency
· Satellite Common Doppler shift pre-compensation on the service link (-) if applied; zero otherwise. 
· Feeder link delay  and service link delay  
· Feeder link delay drift  and service link delay drift 

· Baseband signal:  a(t)
· Signal at the satellite: 
· Received signal UE:   
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Figure 2: Impact of moving satellite on UE signals transmitted by the UE


After Initial cell search UE is synchronized to the DL reference frequency  = 

The received signal in baseband is  

Since the UE does not know yet about the feeder link delay drift, the sampling frequency is generated based on   but assuming the nominal  
· / x 1/= / 
· Sampled signal: 

  DL common Doppler shift pre-compensation over service link is not applied by the network:

With dc = 0, we have ideal sampling result at UE with  

There is some marginal degradation of DL performance for PDSCH before SIB decoding with common TA parameters is indicated due to the delay drift term df. 
The distortion will lead to Demod SINR degradation, where 
 
Demod SINR = S/(I+Noise/Nrx)
Demod SNR degradation is small for low SNR  (~0.2dB degradation @ 0dB) as can be observed in Figure 3.
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Figure 3: Impact of moving satellite on gNB signals transmitted by the UE with df.


DL common Doppler shift pre-compensation over service link is applied by the network:

With dc ≠ 0, we have non ideal sampling result at UE with  

In case DL common Doppler shift pre-compensation is applied, during initial stage of DL synchronization before DL Common Doppler shift pre-compensation are indicated, there can be issue with DL synchronization due to the delay to the delay drift term dc. It is preferable if dc = 0, which can be achieved simply by not supporting the DL common Doppler shift pre-compensation. If applied still, then it is better if indication of related parameters are provided as early as can be during initial cell search and DL synchronization 

Note that there is similar issue with the delay drift term over the feeder link df. In case reference point is at the satellite, df can be assumed to be zero. In that case we get  . 

With 48ppm drift, the degradation is more significant due to the delay drift term over the feeder link, df, and the delay drift term due to the DL common Doppler shift compensation dc as shown in Figures 4 and 4. It is NRB=48 : 0.9dB@SNR=0dB and NRB=96 : 2.6dB@SNR=0dB
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Figure 4: Impact of moving satellite on UE signals transmitted by the UE with df and dc, NRB=48.
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Figure 5: Impact of moving satellite on UE signals transmitted by the UE with df and dc, NRB=96.




2. Impact on Doppler shift discontinuity at the beam boundary if DL common frequency pre-compensation offset is applied by the network:
During RRC_CONNECTED, to avoid Doppler Frequency Shift discontinuity when switching the beam is avoided if DL common frequency compensation is not applied as illustrated in Figure 6, which greatly simplifies AFC implementation for frequency tracking and cell search.
· If pre-compensation is used in LEO’600 km, the Doppler shift at centre of the beam is 0 Hz. 
· The residual Doppler shift with a satellite beam of diameter 200 km is in range [-7.2 KHz, +7.2 KHz]. 
· The Doppler discontinuity can be expected to be 14.4 kHz 2*7.2 kHz (=2*544 Hz /s * 200 km / 7.5622 km/s / 2).
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Figure 6: Satellite Doppler shift discontinuity with DL common frequency compensation

	
	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

	Max residual Doppler shift @ 200 km beam diameter
	±7.2 kHz @ 2 GHz
	±18 kHz @ 5 GHz
	±72 kHz @ 2 GHz

	Doppler discontinuity at beam boundary
	±14.4 kHz @ 2 GHz
	±36 kHz @ 5 GHz
	±144 kHz @ 2 GHz


Table 2: Maximum Doppler drift for LEO @ 600 km @ 200 km beam diameter



Option 2: Common DL frequency compensation for the service link Doppler shift is supported:

Impact on signaling if DL common frequency pre-compensation offset is applied by the network:

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. A 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 can be experienced by the UE. We consider the following to allow UE to calculate the common Doppler shift accurately in case of earth-fixed beam:
· The common Doppler shift  w.r.t. beam centre can be broadcast and read  on the NTN SIB. 
· The beam-specific ECEF co-ordinates of a fixed Reference Point can be indicated and read on NTN SIB to allow UE to determine the amount of common Doppler shift compensation applied by the network at the fixed reference point within a beam.



Conclusion on feeder link delay drift and DL common frequency pre-compensation offset:
It is not necessary for a working satellite system that the gNB applies the DL common frequency pre-compensation offset. This may result in the maximum Doppler shift of ±48 kHz, which is an issue that needs solution in device. During initial cell search to resolve 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.  


Observation 5: The degradation due to Feeder Link delay drift is not marginal for initial access. For connected mode, the feeder link delay drift has to be known to the UE to avoid performance degradation for DL demodulation.

Observation 6: There are significant benefits if DL frequency compensation for the service link Doppler is not supported:
· 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.
· Signalling overhead and complexity for indication of common Doppler shift pre-compensation for earth-moving bemas and earth-fixed beams.

Proposal 5: For connected mode, the feeder link delay drift is indicated.

Proposal 6: DL frequency compensation for the service link Doppler is not supported.

[bookmark: _Ref31705530]Serving satellite ephemeris format 
This section addresses Issue#11 in FL summary in [3]. RAN1#106bis-e made the following agreements:

In RAN1#106bis-e, the moderator proposed the following working assumption:
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

The working assumption can be supported. This is consistent with our analysis in R1-2109169.
Proposal 7: Confirm RAN1#106bis-e working assumption to support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network

Serving satellite ephemeris Epoch time 
This section addresses Issue#11 in FL summary in [3]. RAN1#106bis-e made the following agreements:
Agreement:
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
The moderator made the following 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

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:
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

Both Option 1 and Option 2 could be suitable. This may depend on RAN2 discussions on which SIB the ephemeris and common TA parameters are indicated. We have preference for a dedicated NTN SIB, as this would allow simpler processing in the UE as SIB1 and other SIBs may be quite large relatively. RAN2 could discuss that scheduling of NTN SIB will be configured on SIB1 or some other way. Option 1 will give more flexibility to RAN2. Option 2 is also feasible assuming that RAN1 can make progress on  NTN UE Time Alignment Timers. Hence, we think both Option 1 and Option 2 could be agreed, and a RAN1 LS could be sent to RAN2 to consider both options for specification of which SIB can be used for indication of ephemeris and common TA parameters. 
Proposal 8: Send LS to RAN2 asking RAN2 to consider Option 1 and Option2 for serving satellite ephemeris Epoch time for the specification of  which SIB can be used for indication of ephemeris and common TA parameters. RAN2 may down-scope Option 1 and Option 2, where only one option will be used.


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: The number of SIB readings needed to estimate common TA parameters increases the cell access time:
To estimate the 3rd order derivative:
· 4 SIB readings with only common TA indicated
· 3 SIB readings with common TA and common TA drift indicated
· 2 SIB readings with common TA, common TA drift and common TA drift variation indicated    
To estimate the common TA drift variation:
· 3 SIB readings with only common TA indicated
· 2 SIB readings with common TA and common TA drift indicated
NOTE: 4 SIB reading common TA parameters are broadcast once every 2 seconds will add 8 seconds to access time to move to RRC_CONNECTED, which is longer that the coverage time of a beam spot of 50 km diameter. With a typical in-coverage time of 2 minutes for a LEO satellite, this would result in an efficiency loss of 6.6 % (=8 seconds / 2 minutes * 100). A prediction time in the order of 30 seconds for the common TA parameters and ephemeris with at most 2 SIB readings per prediction period would allow these parameters to be broadcast on the same SIB with reasonable update of SIB in the UE. 
Proposal 1: Support combination of common TA parameters: [Common TA , Common TA drift rate and Common TA drift rate variation] and support Common TA 3rd order derivative indication.

When the reference point is not Satellite: At least Common TA, Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.


Granularity and signalling of Common TA Parameters:

Observation 2: The maximum range of common TA is 


Proposal 2: On value range is used for GSO and NGSO with the following granularities for numerology µ=0:
· Common TA is 23 bits
· Common TA drift is 18 bits
· Common TA drift rate variation is 18 bits
· Common TA 3rd order derivative is 18 bits
The granularities are scaled by 2µ for higher numerologies

NTA update / accumulation 
Proposal 3: When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
  

NTN UE Time Alignment Timers:
Observation 3: A prediction time of 30 seconds in the UE with  maximum common delay error in the order of 1.Ts  and a prediction time of 30 seconds with  maximum delay error over the service link in the order of 1.Ts can be achieved. 

Observation 4: The prediction time in the NTN Contrl Center should be at least equal or greater than a typical UE prediction time of 30 seconds since the Gateway/gNB system has higher processing capability for long-term prediction of satellite position and velocity..

Proposal 4: A single time alignment validity timer is configured by the network with 
· Value range [30, 60, 90, 120, 180, 240, 300] 
· Unit is second
· Per cell
· Default value is 300

Indication of common frequency pre-compensation offset on DL service link
Observation 5: The degradation due to Feeder Link delay drift is not marginal for initial access. For connected mode, the feeder link delay drift has to be known to the UE to avoid performance degradation for DL demodulation.

Observation 6: There are significant benefits if DL frequency compensation for the service link Doppler is not supported:
· 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.
· Signalling overhead and complexity for indication of common Doppler shift pre-compensation for earth-moving beams and earth-fixed beams.

Proposal 5: For connected mode, the feeder link delay drift is indicated.

Proposal 6: DL frequency compensation for the service link Doppler is not supported.

Serving satellite ephemeris format
Proposal 7: Confirm RAN1#106bis-e working assumption to support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network
[bookmark: _GoBack]Serving satellite ephemris Epoch time
Proposal 8: Send LS to RAN2 asking RAN2 to consider Option 1 and Option2 for serving satellite ephemeris Epoch time for the specification of  which SIB can be used for indication of ephemeris and common TA parameters. RAN2 may down-scope Option 1 and Option 2, where only one option will be used.

References
[1] RP-201256, Thales, Solutions for NR to support non-terrestrial networks (NTN), RAN#88e, June 2021
[2] TR 38.821 “Solutions for NR to support non-terrestrial networks”
[3] R1-2110602, FL summary #6 for UL synchronization, Moderator (Thales), RAN1#106bs-e, August 2021
[4] R1-2104301, Considerations on UL timing and frequency synchronization in NTN, Thales, RAN1#105e, May 2021
[5] R1-2009092, Ericsson, On UL time and frequency synchronization enhancements for NTN, RAN1#103e, November 2020
[6] MediaTek MT3333 All-in-One GNSS Datasheet, https://labs.mediatek.com/en/chipset/MT3333 
[7]  https://www.gps.gov/systems/gps/performance/accuracy/ 
[8] René Schwarz,  Keplerian Orbit Elements to Cartesian State Vectors, https://downloads.rene-schwarz.com/download/M002-Cartesian_State_Vectors_to_Keplerian_Orbit_Elements.pdf  
[9] R1-2008809, MediaTek, UE Time and frequency Synchronisation for NR-NTN, RAN1#103e, November 2020.



image1.wmf
Maximum delay 

e

rror over the feeder link (LEO

-

600 km, Set 1_


image10.wmf
Maximum delay 

e

rror over the feeder link (LEO

-

600 km, Set 1_


image2.wmf
Feeder

Link

SAT

UE

Base 

Station

Access

Link

Baseband signal: 

Received signal: 


image20.wmf
Feeder

Link

SAT

UE

Base 

Station

Access

Link

Baseband signal: 

Received signal: 


image3.wmf

image30.wmf

image4.wmf

image40.wmf

image5.wmf

image50.wmf

image6.png
&
f Doppler
E Beams @D@D@@  discontinuity
g
+48 Kﬁz - Beam spot #(n+1) - L
1 I\
Doppler P\ \
discontinuity .
Oz [wmmmmmmmmmmmseennnnaad
«>
Beam spotiin UE is within
beam coverage
a8 KHz —— >

Time




image60.png
&
f Doppler
E Beams @D@D@@  discontinuity
g
+48 Kﬁz - Beam spot #(n+1) - L
1 I\
Doppler P\ \
discontinuity .
Oz [wmmmmmmmmmmmseennnnaad
«>
Beam spotiin UE is within
beam coverage
a8 KHz —— >

Time




