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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RN1#106bis-e [1], the following were agreed for uplink timing and frequency synchronization for NTN.
Agreement:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.
 
Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.

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

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

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

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

Conclusion:
Do not define a TA margin.

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

In this contribution, we discuss the remaining issues of time and frequency synchronization in NTN. 
[bookmark: _Ref129681832]Discussion
UL timing synchronization
Determination of 
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED was agreed in RAN1#104bis-e [2]:

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.
In RAN1#106bis-e, the parameters for UE to derive  were agreed. In this section, we discuss the necessity to indicate third order derivative of Common TA and how to derive  based on the indicated Common TA parameters. 
The validity duration of Common TA parameters can be extended if the third order derivative of Common TA is also provided. However, according to the evaluations in [7][9], based on Common TA drift rate, Common TA drift rate variation and closed-loop TAC every 100 or 400 ms, the validity duration of Common TA parameters can be longer than 25s for a given accuracy target. Therefore, there seems no strong need to introduce the third order derivative of Common TA.
Observation 1: There is no need to indicate third order derivative of Common TA.
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Figure 1.  for LEO with 600km
Assuming the RP is at the gNB,   as a function of elapsed time is shown in Figure 1, where  corresponds to the Nadir point of the satellite. Based on the indicated Common TA parameters, the Common TA applied for UL transmissions can be determined based on a polynomial function of time delay between the start of epoch time of common TA and the UL transmission as follows  
 
where t is the time delay between the epoch time of common TA and the UL transmission. 
Proposal 1: The common TA is derived based on a predefined formula: , where t is the delay between the epoch time of common TA and the UL transmission.
To evaluate the performance, the validity duration for , , and  are provided in Figure 2 and the timing error requirement of 3*64Tc are considered. By adopting 17, 18, and 18 bits for , , and ,  the validity duration can be up to 12.7272s without considering the effect of closed loop TAC, as shown in Figure 3. 
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Figure 2. Quantized parameters of , , and 
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Figure 3. Common TA error with 17, 18 and 18 bits for , , and 
Validity timer and reference time for UL synchronization
In RAN1#106bis-e, it was agreed that a single validity duration for both serving satellite ephemeris and common TA parameters is defined at least if serving satellite ephemeris and common TA parameters are signaled in the same SIB. The validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data). Upon SIB acquisition, the UE should immediately (re)start the indicated validity timer(s) for UL synchronization. The epoch time for serving satellite ephemeris and common TA should also be the same when they are signaled in the same SIB message. Therefore, to reduce the singling overhead and simplify the implementation of UE, it is better to signal ephemeris and Common TA in the same SIB message as UE have only one validity timer to maintain. 
On the reference point for epoch time, it is more reasonable to set it at the satellite as it has longer validity duration compared to set at GW and this scheme is also forward compatible with regenerative satellite. At the gNB side, it should take the feeder link delay into consideration for the indicated common TA parameters and ephemeris. At the UE side, as the delay of service link is different among UEs, each UE can propagate the exact satellite ephemeris and calculate the common TA taking the service link delay into account. 
For the validity timer for UL synchronization, it is started/restarted with configured timer validity duration at the epoch time of the common TA and ephemeris. As there may be several repetitions for each SI (contains validity timer), the time for the validity timer activation and epoch time can be defined as the  he starting time of the SI window carrying the common TA and satellite ephemeris.
Proposal 2: The satellite ephemeris and Common TA are always in the same SIB message.
Proposal 3: The reference point for epoch time is set at the serving satellite transmitter.
Propose 4: The epoch time for common TA and satellite ephemeris is defined as the starting time of the SI window carrying the common TA and satellite ephemeris.
TA update in RRC connected state
TA update in RRC connected state will be impacted by both the open loop part  and closed sloop part . The former component is the UE self-estimated TA based on its GNSS acquired position and satellite ephemeris and the later component is the obtained by the conventional TAC carried by MAC CE in the connected mode. 
Regarding the update of , the following two scenarios can be considered:
· Case 1: When the satellite ephemeris timer is (re)started, i.e. when the UE (re)acquires the satellite ephemeris from SIB;
· Case 2: When a new GNSS position fix is applied, i.e. the UE performed a new GNSS position fix;

[image: ]
Figure 5. TA error in the RRC connected state
When satellite ephemeris/common TA and GNSS are not updated, conventional TAC will correct the error from this parameter that used for determine  and . If no enhancement is introduced for the accumulation of TAC, the will be TA error caused by double correction upon the updating of  and . However, if  is set to 0 directly, where will also be TA error as shown in Figure 5. UE received a TAC after one UL transmission at t1, the TAC contained the TA error correction from ephemeris, Common TA and GNSS. As ephemeris and Common TA will be updated at the same time, the combined error correction is denoted as error1(t1), and error2(t2) is the error correction of GNSS. At t2, UE updated the ephemeris and common TA and UE should set the accumulated error1(t1) to be 0 to avoid double correction of ephemeris and common TA, however, UE cannot differentiate this component from the received TAC. As a result, if UE   is set to 0, error2(t2) will be the introduced TA error jump. It is similar to the scenario that GNSS is the updated before the update of ephemeris. 
Observation 2: In RRC connected state, set  to be zero or accumulate it to the updated  and  upon the update of ephemeris and common or GSNN position fix will lead to TA error jumping. 
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(a)
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(b)
Figure 6. Update of ephemeris, common TA and GNSS in the RRC connected state (a) validity duration of ephemeris and commonTA is larger than GNSS; (b) validity duration of ephemeris and commonTA is smaller than GNSS
According to the above analysis, whether   is set to 0 or accumulated upon the update of ephemeris and common TA or GNSS position fix, TA error jump will occur anyway if GNSS position fix and SIB reading are not performed at the same time. To solve this issue, GSNN position fix and ephemeris and common TA can be updated at the same time, and TA error jump can be avoided if   is set to 0 upon the update of ephemeris, common TA and GNSS, as shown in Figure 7. As UE can decide the validity duration of GNSS and ephemeris (and common TA) based on its speed and the indicated validity timer for ephemeris, respectively, it can update these parameters if any of these parameter is to be outdated. As shown in Figure 6 (a), the validity duration of GNSS is larger than ephemeris and common TA UE will update both GNSS, ephemeris and common TA upon the expiration of ephemeris and commonTA and as illustrated in Figure 6 (b), if he validity duration of GNSS is smaller than ephemeris and common TA UE will update both GNSS, ephemeris and common TA upon the expiration of GNSS.
Proposal 5: For RRC_CONNECTED UE, update ephemeris, common TA and GNSS at the same time and set  to 0 upon the update of these parameters.
UL frequency alignment 
Indication of frequency compensation on DL 
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Figure 7. UL frequency alignment scheme
The UL frequency alignment scheme is illustrated in Figure 7 and the process is as follows:
1) gNB will apply frequency pre-compensation in DL according to the ephemeris and service area to reduce the residual frequency offset Fd at the UE side. 
2) UE estimate the DL frequency offset by tracking the DL reference signal. The calculated DL frequency offset is Fd+Fo, where Fo is total local oscillator frequency deviation of UE FUE and gNB FgNB.
3) If UE cannot differentiate Fd and Fo, it will pre-compensate the Fd+Fo as UE specific frequency offset for UL and the corresponding frequency offset generated at the gNB is approximately two times the total local oscillator frequency errors, i.e. 2‧ Fo. 
If Fo is large and not known by the UE, the frequency offset at the gNB will affect the performance of UL. However, if the value of pre-compensation is indicated, the UE can firstly derive the full Doppler frequency offset based on the GNSS-acquired UE position and the serving satellite ephemeris and then derive Fd based on the indicated frequency pre-compensation. As a result, the frequency offset of UL reception at the gNB will be minimized.   
Observation 3: If DL frequency pre-compensation is applied, it should be signaled to the UE so that the UE can determine the residual frequency offset and the nominal UL frequency for UL transmission. 
There are two main motivations to introduce DL frequency pre-compensation in NTN. 
First of all, according to the current RAN4 specification (Table 5.4.3.1-1 in TS38.101-1), the frequency separation between two adjacent sync raster’s for carrier frequency below 3GHz is 100 kHz. In case of NTN, the maximum Doppler shift in LEO is  24 ppm, this corresponds to  48 kHz assuming 2 GHz carrier frequency. Assuming  10 ppm for UE oscillator accuracy, the maximum frequency offset is  68 kHz which exceeds 50 kHz (half of sync raster). Therefore, there may be sync raster ambiguity at the UE during initial cell search. The will lead to wrong CFO estimation and PBCH detection failure. One way to solve this issue is to perform multiple hypothesis detection which increases the UE complexity and leads to longer access delay. However, if DL frequency pre-compensation is applied, the residual Doppler shift due to satellite movement can be much smaller, e.g. in the order of several ppm. Hence the sync raster ambiguity issue can be solved. Another way is to increase the sync raster, e.g. 200 kHz, which was also discussed in IoT NTN however the residual frequency offset is still large as discussed below.
Table 5.4.3.1-1: GSCN parameters for the global frequency raster
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756
	7499 + N
	7499 – 22255

	NOTE 1:	The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.



The second motivation to introduce DL frequency pre-compensation is that this can reduce the DL detection complexity at the UE, since the residual frequency offset is smaller with DL frequency pre-compensation. Note that this benefit also holds even with an increased sync raster is increased in order to solve the sync raster ambiguity. Figure 8 illustrates the frequency offset for UE at beam edge with and without frequency pre-compensation for different beam diameters. The elevation of the beam center is 30 degree. It can be seen that frequency pre-compensation significantly reduces the frequency offset, e.g. approximately 19 ppm and 17 ppm for 600 km and 1200 km, respectively. 
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Figure 8. Residual Doppler shift w/wo pre-compensation
[bookmark: _GoBack]Observation 4: With DL frequency pre-compensation, the sync raster ambiguity for carrier frequency below 3GHz can be solved and UE initial cell search complexity as well as access latency can also be reduced.
There are two scenarios to be considered for DL frequency pre-compensation, i.e. earth moving cell/beam and earth fixed cell/beam. For earth moving cell/beam, as the elevation of the cell/beam is almost not changed the pre-compensated DL frequency can be a constant value, e.g. the DL frequency compensation is performed with respect to the beam/cell centre. There will be no drift of the pre-compensated DL frequency over the service link. UE and gNB will have the same understanding of the value of pre-compensation. It should be noted that the Doppler shift discontinuity in case of handover will not be a problem for DL frequency tracking as UE will need do DL synchronization. 
Considering the frequency error requirement of 0.1ppm, the granularity of DL pre-compensation can be set as 0.01 ppm. The maximum Doppler shift of LEO 600 is 24 ppm, as the UE can determine the sign of the pre-compensated DL frequency, signaling index range of (0…4095) and signaling overhead of 12 bits is enough for DL frequency pre-compensation indication of serving and neighbor cells, respectively.
Observation 5: For earth moving cell/beam, the pre-compensated DL frequency can be a constant value and there is no delay drift of the pre-compensated DL frequency.
Proposal 6: For earth moving cell/beam, use 12-bit to indicate the value of DL frequency pre-compensation with range [0, …, 4095] and granularity of 0.01ppm. 
For earth fixed cell/beam scenarios, if the DL frequency compensation is also performed with respect to the beam/cell center. The value of DL frequency pre-compensation will change over time, one way is to indicate the DL frequency pre-compensation drift at the same time. Similar to the indication of common TA and common TA drift rate, a validity timer may be needed for the DL frequency pre-compensation and its drift. As there will be more signaling overhead of DL frequency pre-compensation indication compared to earth moving cell/beam, we suggest to further discuss the potential support of DL pre-compensation for earth moving cells in Rel-18.
Satellite ephemeris format
As agreed in the RAN1#105-e, the satellite ephemeris can be delivered using the form of the state vector (x, y, z, vx, vy, vz) or Keplerian orbit elements (a, e, ω, Ω, i, M0). The state vector indicate the instant satellite position and velocity in ECEF coordinates and Keplerian orbit elements are as follows,
· 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 t0
The orbit predication error can be breakdown into three components as illustrated in Fig. 10:
· [bookmark: OLE_LINK4]Along-Track Error,  
· Cross-Track Error, 
· Radial Error 
[image: ]
Figure 9. Predication error breakdown in geometry
As the satellites are not always on the vertex of a UE, the radial error of position and speed are insufficient to  characterize the impact on time and frequency synchronization. The prediction errors are due to three sources:
· Satellite orbit determination (measurement error, the initial error)
· Signalling quantization error (quantization noise due to limit broadcasting overhead)
· Propagator error (physical model mismatch)
The Satellite orbit determination error and propagator error were discussed in [7], we use a “Typical” Precision Orbit Determination in the following analysis. 
· 3D Position RMS Error = 2.5 m
· 3D Velocity RMS Error = 0.1 m/s
Taking the working assumption of the satellite ephemeris format bit allocations for LEO/MEO/GEO proposed in [1], we analyze the impact of quantization error on the prediction error via satellite orbital data provided by Eutelsat. We 1) choose random data starting points as the T0 point to do prediction to cover the quantization noise in the final prediction results, and 2) add random noise to the starting point data to model the “typical” precision orbit determination error. 
Table 1 Signaling overhead and range of Keplerian orbit elements proposed in RAN1-106bis-e
	
	a
	E
	Ω
	Ω
	I
	M0

	Bit allocation
	33bit
	19bits
	24bits
	21bits
	20bits
	24bits

	Range
	[6500, 43000]km
	[0,0.015]
	[0,2π]
	[-180, +180]
	[, ]
	[0,2π]


As the ephemeris prediction should cover the worst case to ensure the accurate time and frequency synchronization, the max value of the predicted errors at 10s, 20s, 30s, 60s and 120s by 1000 independent trails are evaluated and listed in Table 2. 
Table 2 Prediction errors by Keplerian orbit elements format
	[bookmark: OLE_LINK165]Period
	Position error, m
	Velocity error, m/s

	10s
	14.19 
	0.14 

	20s
	14.32 
	0.13 

	30s
	14.46 
	0.13 

	60s
	15.69 
	0.13 

	120s
	19.12 
	0.13 


From Table 2, we can see the maximum position error is 19.12 m when the prediction duration is 120 s. The current working assumption provides much higher position prediction precision than the target accuracy mentioned in [7] (< 30 m). Thus, there is plenty of room to optimize the signaling overhead.
Observation 6: The working assumption of satellite ephemeris format bit allocations for LEO/MEO/GEO provides much higher prediction precision for time and frequency synchronization goals. 
[bookmark: OLE_LINK166][bookmark: OLE_LINK167]The signaling overhead optimization can be transformed to a cost efficiency optimization issue. Assuming the predicted satellite position and velocity are good enough to ensure the UL time and frequency synchronization when the prediction period is shorter than the valid time. And there is no need for the UE to reacquire an updated ephemeris within the valid time. Thus, minimizing the signaling cost in the valid ephemeris time could maximize the cost-efficiency.

The Table 4.1-4 in [8] listed the typical altitude and orbit characteristics. 
Table 3 Types of NTN platforms
	Platforms
	Altitude range
	Orbit

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km 
	Circular around the earth

	Medium-Earth Orbit (MEO) satellite
	7000 – 25000 km 
	

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point


Table 3 shows the altitude range of the LEO, MEO and GEO are not contiguous. The orbits of LEO and MEO are circular. The GEO is notional keeping the same Keplerian orbit element. Thus, satellite ephemeris can be indicated separately for LEO, MEO and GEO.
[bookmark: _Hlk86936715]Proposal 7: Support serving satellite ephemeris format bit allocations for LEO based non-terrestrial access network in orbital parameter ephemeris format [118 bits (15 bytes) payload]
· Semi-major axis α [m] is 19 bits
· Range: [6675,7875]km
· Eccentricity e is 13 bits
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is 22 bits
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 20 bits
· Range: [-90°, +90° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
The prediction error of this proposed scheme are listed in Table 4 with the same satellite orbit data sets and simulation assumption with the above working assumption evaluation case.
Table 4 Prediction errors by Keplerian orbit elements format
	Period
	Position error, m
	Velocity error, m/s

	10s
	23.5865 
	0.1157 

	20s
	23.3616 
	0.1171 

	30s
	23.1508 
	0.1187 

	60s
	23.6155 
	0.1232 

	120s
	26.3351 
	0.1318 


The predicted position error is smaller than 30 m when the prediction period is smaller than 120. Thus, the signaling cost in the valid ephemeris time is smaller than 2 bit/s. 
For MEO, we have the following proposal.
[bookmark: _Hlk86936725][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 8: Support serving satellite ephemeris format bit allocations for MEO based non-terrestrial access network in orbital parameter ephemeris format [122 bits (16 bytes) payload]
· Semi-major axis α [m] is 23 bits
· Range: [13378,31378]km
· Eccentricity e is 13 bits
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is 22 bits
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 20 bits
· Range: [-90°, +90° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
Based on the current station-keeping abilities of the GEOs, we have the following proposal.
[bookmark: _Hlk86936735]Proposal 9: Support serving satellite ephemeris format bit allocations for GEO based non-terrestrial access network in orbital parameter ephemeris format [92 bits (12 bytes) payload]
· Semi-major axis α [m] is 10 bits
· Range: [42163,42165]km
· Eccentricity e is 9 bits
· Range: ≤ 0.0005
· Argument of periapsis ω [rad] is 22 bits 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 7 bit
· Range: [-0.01°, +0.01° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
The comparison between satellite ephemeris signaling payload of the working assumption and Proposal 6-8 are illustrated in Figure 10.

Figure 10. Satellite ephemeris signaling payload comparison
Figure 10 shows that using the proposed satellite ephemeris signaling format, we can respectively save 3, 2, and 6 bytes signaling payload for LEO, MEO, and GEO ephemeris broadcasting.  
[bookmark: _Hlk86936786]Observation 7: Using separate LEO, MEO and GEO satellite ephemeris format could respectively save 3, 2, and 6 bytes signaling payload compared to the unified satellite ephemeris signaling.
For HAPS and ATG scenarios, which has no orbital information, the ephemeris can be indicated by the equivalent Keplerian orbit elements transformed from the instant position and velocity. 
In addition, when a list of neighbour satellites or cells are provided in the system information for cell reselection, providing orbit elements for neighbour satellites will reduce the signalling overhead as the neighbour satellites usually locate at the same or adjacent orbits of the service satellite. For example, only orbit elements of M0 need to be indicated for the satellites in the same orbit. 
Proposal 10: Orbital parameters ephemeris format can reduce the singling overhead when a list of neighbour satellites or cells are provided in the system information. 

RRC parameters
According to the above discussed parameters for ephemeris and DL frequency pre-compensation, the updated RRC parameters are given in the Appendix. 


Conclusion
In this contribution, we further discuss the issue of UL time and frequency synchronization enhancement for NTN, the following observations and proposals are presented:
Observation 1: There is no need to indicate third order derivative of Common TA.
Observation 2: In RRC connected state, set  to be zero or accumulate it to the updated  and  upon the update of ephemeris and common or GSNN position fix will lead to TA error jumping. 
Observation 3: If DL frequency pre-compensation is applied, it should be signaled to the UE so that the UE can determine the residual frequency offset and the nominal UL frequency for UL transmission. 
Observation 4: With DL frequency pre-compensation, the sync raster ambiguity for carrier frequency below 3GHz can be solved and UE initial cell search complexity as well as access latency can also be reduced.
Observation 5: For earth moving cell/beam, the pre-compensated DL frequency can be a constant value and there is no delay drift of the pre-compensated DL frequency.
Observation 6: The working assumption of satellite ephemeris format bit allocations for LEO/MEO/GEO provides much higher prediction precision for time and frequency synchronization goals. 
Observation 7: Using separate LEO, MEO and GEO satellite ephemeris format could respectively save 3, 2, and 6 bytes signaling payload compared to the unified satellite ephemeris signaling.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]
Proposal 1: The common TA is derived based on a predefined formula: , where t is the delay between the epoch time of common TA and the UL transmission.
Proposal 2: The satellite ephemeris and Common TA are always in the same SIB message.
Proposal 3: The reference point for epoch time is set at the serving satellite transmitter.
Propose 4: The epoch time for common TA and satellite ephemeris is defined as the starting time of the SI window carrying the common TA and satellite ephemeris.
Proposal 5: For RRC_CONNECTED UE, update ephemeris, common TA and GNSS at the same time and set  to 0 upon the update of these parameters.
Proposal 6: For earth moving cell/beam, use 12-bit to indicate the value of DL frequency pre-compensation with range [0, …, 4095] and granularity of 0.01ppm. 
Proposal 7: Support serving satellite ephemeris format bit allocations for LEO based non-terrestrial access network in orbital parameter ephemeris format [118 bits (15 bytes) payload]
· Semi-major axis α [m] is 19 bits
· Range: [6675,7875]km
· Eccentricity e is 13 bits
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is 22 bits
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 20 bits
· Range: [-90°, +90° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
Proposal 8: Support serving satellite ephemeris format bit allocations for MEO based non-terrestrial access network in orbital parameter ephemeris format [122 bits (16 bytes) payload]
· Semi-major axis α [m] is 23 bits
· Range: [13378,31378]km
· Eccentricity e is 13 bits
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is 22 bits
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 20 bits
· Range: [-90°, +90° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
Proposal 9: Support serving satellite ephemeris format bit allocations for GEO based non-terrestrial access network in orbital parameter ephemeris format [92 bits (12 bytes) payload]
· Semi-major axis α [m] is 10 bits
· Range: [42163,42165]km
· Eccentricity e is 9 bits
· Range: ≤ 0.0005
· Argument of periapsis ω [rad] is 22 bits 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 7 bit
· Range: [-0.01°, +0.01° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
Proposal 10: Orbital parameters ephemeris format can reduce the singling overhead when a list of neighbour satellites or cells are provided in the system information. 
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