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1. [bookmark: _Ref18181]Introduction
In RAN1#105e [1], the followings have been agreed on UL synchronization for NTN.
Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.
Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.
Conclusion:
The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.
In this contribution, the remaining issues for UL synchronization are elaborated with corresponding analysis and simulation results. 
1. UL timing synchronization
1. [bookmark: _Ref27980]Indication of common TA drift rate
The indication of common TA drift rate was discussed in RAN1#105e [2] without consensus. In LEO cases, the variation of propagation timing for feeder link will lead to time-variant common TA and the common TA drift rate can be up to 45.4 us/s for GW at 10 degree elevation angle. If such kind of variation over time is handled by gNB or gateway, additional complexity and degradation on the performance is expected. Therefore, it’s recommended to handle this issue at UE side since similar behaviour on time-variant DL-UL timing tracking and adjustment of the UL time instant are already supported as legacy operation with newly basic functionality to support the service link TA adjustment according to its own position and satellite ephemeris.
For supporting the adjustment at UE side, the common TA drift rate should be indicated to reduce signaling overhead for common TA update. Moreover, due to the nonlinear variation of common TA, indication of the higher order drift rates may be needed to avoid the frequent updates. The detailed evaluations on maximum residual error of common TA autonomously predicted by UE based on common TA parameters generated by least square method, which was discussed in RAN1#105e [2]. The detailed results are shown in Table 1.
[bookmark: _Ref18781]Table 1 Maximum residual error of common TA autonomously predicted by UE based on common TA and drift rates generated by least square fitting
	Indication period
	3 s
	5 s
	10 s
	15 s
	20 s
	30 s

	Indicate only first order drift rate
	0.4342 us
	1.2068 us
	4.8162 us
	10.7819 us
	19.0289 us
	41.9450 us

	Indicate first and second order drift rates
	0.0013 us
	0.0062 us
	0.0498 us
	0.1679 us
	0.3914 us
	1.3378 us

	Indicate first, second, and third order drift rates 
	0.0001 us
	0.0001 us
	0.0015 us
	0.0072 us
	0.0219 us
	0.0984 us




Furthermore, the residual error of UE-estimated common TA can be further reduced by optimizing the calculation of common TA and drift rates. In general, with assumption on the indication order of parameters, the calculation of common TA can be approximated by a polynomial  to estimate the real value at gNB side. The determination of the three coefficients is a classical minimax problem, which can be numerically optimized. Comparing with the least square method, the error in common TA estimation can be further reduced as shown in Figure 1 and Table 2. It should be noticed that following evaluations are conducted based on the optimized common TA parameters.
[image: leastsquareandoptimization]
[bookmark: _Ref21786]Figure 1 Performance comparison between least square fitting and numerical optimization
[bookmark: _Ref22492]Table 2 Maximum residual error of common TA autonomously predicted by UE based on optimized common TA and drift rates
	Indication period
	3 s
	5 s
	10 s
	15 s
	20 s
	30 s

	Indicate only first order drift rate
	0.3267 us
	0.9065 us
	3.6086 us
	8.0562 us
	14.1685 us
	30.9435 us

	Indicate first and second order drift rates
	0.0008 us
	0.0039 us
	0.0312 us
	0.1047 us
	0.2429 us
	0.8338 us

	Indicate first, second, and third order drift rates 
	0.0001 us
	0.0001 us
	0.0008 us
	0.0039 us
	0.0117 us
	0.0513 us


The maximum timing error is still pending for the decision from RAN4, but the traditional constraint in terrestrial network can be referred. In current discussion, the tolerance range of overall timing error is generally assumed as CP/2 or Te. Since other factors such as ephemeris error also contribute to the overall TA error, the tolerance range of common TA error may be further reduced, e.g., to CP/4 or Te/2. When PUSCH SCS is 120 kHz and SSB SCS is 240 kHz, the shortest CP (0.5859 us) and Te (3*64*Tc = 0.0977 us) will be applied. From evaluation results shown in Table 1, it can be observed that the broadcast period can be longer with indication of higher order drift rates due to nonlinearity of common TA variation with high predictability. In order to ensure the broadcast period is long enough, at least first and second order drift rates are needed in addition to common TA.
Another option to handle the nonlinearity of common TA variation is to indicate multiple sets of common TA and drift rates with the assumption of different applicable time instant or valid time. With more sets of parameters broadcast together, the broadcast period can be increased by larger times.
Proposal 1: Indication of the first and second order common TA drift rates should be supported along with common TA.
Proposal 2: Following solutions can be considered to further optimize the overhead of signaling:
· Indication of third order common TA drift rate.
· Indication of multiple set of {common TA, first order drift rate, second order drift rate} with different applicable timing
1. Signaling and granularity of common TA and common TA drift rates




W.r.t the signaling of common TA, different numerologies have different sensitivity to the quantization error. With consideration on the simultaneous supports on multiple numerologies, the granularity should be set based on the numerology with largest SCS to make common TA compatible to all types of UEs. In order to ensure the valid time of common TA is not significantly affected by quantization error, as one example, the quantization error caused by common TA can be assumed to be smaller than 1/10 of tolerance range of common TA. If the tolerance range of common TA is assumed as Te/2, the quantization error of common TA should be smaller than Te/20, which is  when 240 kHz SCS of SSB is applied. Hence, the signaling granularity of common TA is at most two times of quantization error, i.e., . Considering that the granularity of traditional TA command is , where the coefficient is integral power of 2, the granularity of common TA can be chosen as .

By assuming that the granularity of common TA is  and max quantization errors contributed by different order drift rates are in same level, we find that 15 bits for first order drift rate and 12 bits for second order drift rate ensure the additional common TA error due to quantification is smaller than Te/10 (minimum value is 0.0098 us) as shown in Table 3. 
[bookmark: _Ref29111]Table 3 Maximum residual error of common TA autonomously predicted by UE, where first and second order drift rates are indicated
	Indication period
	3 s
	5 s
	10 s
	15 s
	20 s
	30 s

	No quantification
	0.0008 us
	0.0039 us
	0.0312 us
	0.1047 us
	0.2429 us
	0.8338 us

	Quantification

(Granularity of common TA is fixed as )
	1st order: 12 bits 
2nd order: 9 bits  
	0.0216 us
	0.0362 us
	0.0844 us
	0.1660 us
	0.4065 us
	0.8511 us

	
	1st order: 13 bits 
2nd order: 10 bits 
	0.0129 us
	0.0185 us
	0.0617 us
	0.1351 us
	0.2843 us
	0.8877 us

	
	1st order: 14 bits 
2nd order: 11 bits   
	0.0080 us
	0.0125 us
	0.0423 us
	0.1222 us
	0.2829 us
	0.8564 us

	
	1st order: 15 bits 
2nd order: 12 bits 
	0.0058 us
	0.0088 us
	0.0364 us
	0.1144 us
	0.2545 us
	0.8474 us


With the consideration that minimum elevation angle is 10 degree, the required bit number for common TA and common TA drift rate expression are summarized in Table 4. In order to ensure the maximum residual error to be smaller than 0.0488 us, i.e., Te/2 when SCS of SSB is 240 kHz, the required bit number for 1st order and 2nd order drift rate are at least 14 and 11, respectively. In this case, the granularity for 1st order drift rate is 2.78e-3 us/s and the granularity for 2nd order drift rate is 2.84e-4 us/s2.
[bookmark: _Ref16918]Table 4 Required bit number for common TA and common TA drift rate expression to ensure valid time is longer than 10 s when tolerance range of common TA is assumed as Te/2 and SCS is 240 kHz
	
	LEO-600
	LEO-1200
	GEO

	Common TA
	Upper bound
	12.88 ms
	20.88 ms
	270.54 ms

	
	Granularity
	

	

	


	
	Required bit number 
	21
	22
	25

	First order drift rate 
	Upper bound
	45.4 us/s
	40.1 us/s
	0

	
	Granularity
	2.78e-3 us/s
	2.78e-3 us/s
	-

	
	Required bit number 
	14
	14
	0

	Second order drift rate
	Upper bound 
	0.581 us/s2
	0.2464 us/s2
	0

	
	Granularity
	2.84e-4 us/s2
	2.84e-4 us/s2
	-

	
	Required bit number 
	11
	10
	0



Proposal 3: The signaling granularity of common TA can be chosen as . The signaling granularity of first order drift rate can be chosen as 2.78*10-3 us/s. The signaling granularity of second order drift rate can be chosen as 2.84*10-4 us/s2.
Observation 1: The required bit size for broadcasting of TA parameters for LEO is:
· one common TA in a field of 22 bits; 
· one first order drift rate in a field of 14 bits;
· one second order drift rate in a field of 11 bits if supported;
Observation 2: The required bit size for broadcasting of TA parameters for GEO is 25 bits.
1. TA maintenance mechanism 
According to the previous discussion, following equation is considered for the TA calculation in RAN1#105e [2]:

 .



In RRC_CONNECTED state,,  and  will be time-variant and need to be updated during TA maintenance. An example of the timeline for the usage of parameters for TA maintenance are shown in Figure 2.
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[bookmark: _Ref25036]Figure 2 Timeline for usage of indicated parameters 

In the expression of TA,  is service link TA and is open loop controlled as:

,







where  is the service link TA estimated by UE based on GNSS information of UE and ephemeris information of satellite, which is activated at , while  is the variation of service link TA between  and UL transmission time . Note that the calculation of  is just a matter of implementation so that there is no need to distinguish UL and DL.  is common TA indicated from BS and can be open loop adjusted based on common TA drift rate as following if the 2nd order drift is supported:









where  is the broadcast common TA, which is activated at ,  and  are the first and second order common TA drift rate indicated by BS,  is the interval between activation time and DL transmission time of scheduling information, and  is the interval between DL transmission time of scheduling information and UL transmission time.  is defined as in Rel-16 and is close loop controlled as:

,




where  is indicated in TA command in MAC CE. With  updated by close loop control, the residual error of components updated by open loop control, i.e.,  and , can be mitigated. Based on above analysis, the TA update formula could be expressed as in following proposal.
Proposal 4: In RRC_CONNECTED state, the applied TA can be determined as by assuming the support for the 2nd order of TA drift:

,
where
· 

· 

  is the service link TA at activation time of ephemeris, and  is the variation of service link TA between activation time of ephemeris and UL transmission time, which can be estimated by UE based on GNSS and indicated information.
· 

· 




 is the broadcast common TA,  and  are the first and second order common TA drift rate indicated by BS,  is the interval between activation time of broadcast common TA and DL transmission time of scheduling information, and  is the interval between DL transmission time of scheduling information and UL transmission time.
· 

· 
 is indicated in MAC CE TA command.
1. Validity timer for assistance information 
In UL synchronization, broadcasting of assistance information, e.g., common TA parameters and ephemeris data, is required from BS to enable the calculation of TA and Doppler, e.g., via SIB. In legacy system, as shown in Figure 3, for reducing the access delay for UEs, periodic transmission of SIB with shorter period is preferred. Although it’s also beneficial to deliver the time-variant assistant information if the content can be updated per SIB transmission, it’s better to introduce the concept of valid time for this information to mitigate the efforts and complexity of UE on SIB monitoring. For example, as shown in Figure 3, to ensure continuous transmission with the accurate UL synchronization, the valid time of indicated assistance information should be equal to or longer than update period of assistance information. In addition, validity timers should be defined for assistance information at UE side to control the UE behavior according to indicated valid time.
[image: valid time]
[bookmark: _Ref31955]Figure 3 Illustration of indication of assistance information
Proposal 5: Indication of valid time for assistance information broadcast from BS, e.g., common TA parameters and ephemeris data, should be supported with tradeoff between accuracy and UE’s complexity for SIB monitoring.
Furthermore, to deliver the full set information of valid time without confusion at UE side, the activation time instant and valid time length should be indicated to UE. To save signaling, the activation time instant can be considered indicated in an implicit way. More specifically, the activation time instant is implicitly known as a reference time linked to DL subframe where the initial SIB carrying the assistance information is broadcast as shown in Figure 3. However, if the decoded SIB is not the initial SIB, the activation time instant cannot be correctly obtained. To handle this scenario, the SIBs containing the same assistance information can be allocated with a series of indexes. In this case, UE could know which SIB is decoded and calculate the interval between decoded SIB and initial SIB. Then, the activation time instant can be derived by subtracting the calculated interval from the reference time of decoded SIB. W.r.t implementation of SIB index allocation, an example method is to associate the SIBs with different SSBs and employ the SSB index as SIB index, which will not cause additional signaling overhead.
As for valid time length, it can be broadcast together with the corresponding assistance information. Since the accuracy of valid time length is not needed to be very accurate, a coarse signaling granularity can be considered to reduce signaling overhead, e.g., a subframe or even a SIB period.
Proposal 6: The activation time instant of assistance information can be implicitly known as a reference time linked to DL subframe where the initial SIB carrying the assistance information is broadcast.
Proposal 7: An index associated to the SIB delivering the assistance information is needed to enable the derivation of active time for assistance information.
Proposal 8: The valid time length can be broadcast along with assistance information. A coarse signaling granularity can be applied, e.g., a SIB period.
W.r.t validity timer, it should be started/restarted when a new set of assistance information is activated and the duration should be set according to indicated valid time. When the validity timer is running, the indicated assistance information can ensure the corresponding part of pre-compensation is accurate enough. Upon the expiry of the timer, the synchronization is thought lost and UE will re-access the network. Although the update of assistance information is expected in periodical way, with configuration of validity timer, the incorrect calculation based on the outdated information can be avoid in case that the latest update is missing or not decodable at UE side.
Note that different types of assistance information may be responsible to different parts of pre-compensation. Common TA parameters will affect the accuracy of common TA pre-compensation. While ephemeris data will affect the accuracy of calculated UE specific TA and Doppler. Hence, it is preferred to decouple the valid time of these two types of assistance information and define separate validity timers.
Proposal 9: Validity timers should be defined for assistance information, e.g., common TA parameters and ephemeris data. The timer should be started/restarted when the updated assistance information is activated and the duration should be set according to indicated valid time. Upon expiry of timer, the UL synchronization is assumed to be lost.
As another key aspect for UE-specific TA calculation besides the ephemeris data, the accuracy for the UE’s position information should also be ensured by UE’s implementation. However, with consideration on the testability and aligned understanding for scheduling (to avoid the potential interference, e.g., for L band) between the cellular and GNSS signal, the dedicated behavior with measurement gap is preferred.
Proposal 10: Explicitly defined GNSS measurement gap should be supported with the benefits to ensure the accuracy for UL pre-compensation and interference mitigation.
1. UL frequency synchronization
2. Indication of common compensation frequency offset

In RAN1#105e [2], the indications of two types of common compensation frequency offset have been discussed. The first type is common frequency pre-compensation offset on DL service link, which helps to determine the nominal TX frequency of UE. And the second type is common compensation frequency offset for UL, which is indicated by BS and may be used to handle the post-compensation at gNB. However, these two types of frequency offsets are actually same in implementation, i.e., additionally added on the originally pre-compensation value estimated by UE. A uniform signaling is enough to cover these two types of frequency offsets. As shown in Figure 4, in order to let BS receive UL signal at nominal frequency, the UL pre-compensation should be

.








Obviously, when, DL pre-compensation and UL post-compensation are canceled and there is no need to indicate any frequency offset. When, UL post-compensation is not applied so that only indication of DL pre-compensation value  is enough. Similarly, when , DL pre-compensation is not applied so that only indication of UL post-compensation value  is enough. In other cases, both DL pre-compensation value  and UL post-compensation value  are required, but only one indication of  is sufficient. 
[image: ]
[bookmark: _Ref13729]Figure 4 Illustration of frequency after each operation. 
Therefore, when DL pre-compensation and UL post-compensation of frequency on service link are not performed or the compensation values are equal, there is no need to indicate a common frequency offset. Otherwise, indication of a single frequency offset, which takes both DL pre-compensation and UL post-compensation into consideration, is preferred instead of separate indication. 
Proposal 11: The indication of a single frequency offset is sufficient to address issues for both DL and UL.
As restricted in TS 38.101 and also highlighted in RAN4’s LS [3] , the total frequency error should be within ±0.1 ppm after synchronization. Since 0.1 ppm is the budget for all factors of frequency errors, the quantization error of common compensation frequency offset in indication should be further reduced and 0.01 ppm can be considered as granularity. Since the maximum Doppler is achieved under minimum elevation angle and when only one of DL pre-compensation and UL post-compensation is applied, the required bit number for indication of common compensation frequency offset on service link is as shown in Table 5.
[bookmark: _Ref30569]Table 5 Required bit number for indication of common compensation frequency offset on service link with 0.01 ppm granularity
	
	LEO-600
	LEO-1200
	GEO

	Upper bound of Doppler
	22.7 ppm
	20.1 ppm
	0

	Required bit number for indicating frequency 
	12
	11
	0


Proposal 12: To enabling the UL synchronization for frequency, network should periodically broadcast the amount of frequency compensation in a 12 bit field when DL pre-compensation frequency offset and UL post-compensation frequency offset on service link can be different.
1. Satellite ephemeris indication
In RAN1#105e, it has been agreed that both ephemeris formats, i.e., state vectors and orbital elements, are supported for the broadcast of serving-satellite ephemeris.
3. Discussion on the signaling design for satellite ephemeris indication
For the format based on state vectors, the field size is still under discussion. However, the basic principle should be that the quantization error will not significantly affect the pre-compensation accuracy of UE specific TA and Doppler. The TA error is affected by the position error of satellite and the maximum value can be expressed as



where  is the position error. The Doppler error is affected by both position and velocity error. The maximum Doppler error w.r.t position error can be expressed as






where  is the speed of satellite,  is the speed of light,  is carrier frequency,  is satellite altitude. While the maximum Doppler error w.r.t velocity error can be expressed as





In order to minimize the quantization error, we can assume that is  smaller than 1/10 of maximum timing error in connected mode, while  and  are respectively smaller than 1/100 of maximum frequency error in connected mode. 




The maximum timing and frequency error are still under waiting for reply from RAN4, but the traditional constraint in terrestrial network can be referred. Similar to the analysis on common TA, the maximum timing error for UE-specific TA can be assumed to be Te/2, which is  when 240 kHz SCS of SSB is applied. The maximum frequency error is 0.1 ppm. In LEO-600, by setting  and, the maximum position and velocity quantization error can be calculated as 7.3 m and 0.3 m/s. And the granularity for each axis should be set as  of the maximum quantization error, i.e., 4.2 m and 0.17 m/s. By supposing the granularity for position and velocity to be 1.3 m and 0.06 m/s with consideration of margin, the required bit number for ephemeris data is shown in Table 6.
[bookmark: _Ref32188]Table 6 Required bit number for ephemeris data
	
	LEO-600
	LEO-1200
	GEO

	position
	Upper bound
	6971 km
	7571 km
	42157 km

	
	Required bit number 
	3*24
	3*25
	3*26

	velocity 
	Upper bound
	7.56 km/s
	7.26 km/s
	0

	
	Required bit number 
	3*18
	3*18
	0

	total
	Required bit number
	126
	129
	78


The required bit number for ephemeris data can be further reduced in the following methods.
· Limit the represented region using prior information
For the format based on state vectors, the position and velocity are represented by the broadcast bits. One simple method is to map the states of the bits evenly to the total possible region. However, for certain type of vehicle, e.g., LEO-600, it may only move within the altitude of 600±x km, as a spherical shell as shown in Figure 5. The prior information should be used to limit the represented region, which will reduce the needed bit number.
[image: ]
[bookmark: _Ref13540][bookmark: _Ref27942]Figure 5 The cross section of the possible position of a satellite.
Assume the actual height of a LEO-600 satellite will deviate its nominal orbit altitude no more than 10km, and assume that the required largest granularity for position and velocity is 1.3m and 0.06m/s respectively. The required bit size for indication is listed in Table 7 for the cases with fixed and flexible number of bits for each parameter, respectively. More specifically, if fixed number of bits are allocated to each parameter, the detailed analysis is in Appendix 6.1.
[bookmark: _Ref71537381]Table 7 The number of required bits with limited representation region
	
	X or Y
	Z
	Vx or Vy
	Vz
	total

	No optimization
	26
	26
	18
	18
	132

	Optimized indication with fixed allocated bit number
	26
	20
	18
	17
	125

	Optimized indication with variable allocated bit number
	26
	16.2
	18
	15.7
	119.9


· Use relative position in ephemeris
The broadcast ephemeris should assist the UE to derive the position of the serving node. Instead of simply broadcast the absolute position of this node, the relative position can be indicated to further reduce the needed bit number by introducing the concept of space grid.
[image: ]
[bookmark: _Ref23265][bookmark: _Ref27014]Figure 6 Divide of the total area to small parts with associated index
As shown in Figure 6, the visible region is defined as the region that the signal from outsider is too weak for the UE to access or beyond the minimum serving elevation angle of corresponding NTN system. When the serving node is not in the visible region, the UE is supposed to won’t try to access the node. When the cell size of grid is larger than the visible region, a UE cannot simultaneously receive signals from two cells within the grid with the same associated index. Therefore, with its own position and an associated index, a UE is able to derive the absolute position based on the indicated relative position.
With a pre-defined grid, the UE only need to receive a relative position and an associated index. If the visible region is small, the signalling saving will be significant. Assume that the required largest granularity for position and velocity is 1.3 m and 0.06m/s respectively. The required bit size to represent a HAPS’s position and a LEO-600 satellite’s position is analyzed in Appendix 6.2 and listed in Table 8. 
[bookmark: _Ref71538919][bookmark: _Ref26309]Table 8 Required number of bits to represent position
	
	X or Y
	Z
	Small grid associated index
	total

	No optimization
	26
	26
	0
	78

	Relative position of HAPS
	16
	11
	2
	45

	Relative position of LEO 600
	20
	14
	2
	56


The pre-defined grid may be indicated to the UEs in the following ways.
1. Each vehicle broadcasts the absolute position of the center of its located grid, and the edge length of the grid. The UE tries to read and update the two parameters for one association index only if its GNSS positioning results are too far away from the previous received grid center.
2. The grid are pre-defined in the earth or an area. The dividing rule are supposed to be already known for the UEs. Each vehicle broadcasts the key parameters to the UEs, such as grid edge length, starting point of the dividing. The UE tries to update the parameters with a relatively long periodicity.
Proposal 13: For the format based on state vectors, use relative position in ephemeris indication to reduce UE power consumption and signalling overhead, at least for HAPS.
For the format based on orbital elements, the state of a satellite is determined by the orbit parameters and the the satellite’s instantaneous angle in the orbit. In order to reduce signalling, one method is to provide a reference ephemeris to the UEs in advance, and broadcast the delta correction. Considering the flexible to support large number of satellites, to store the reference ephemeris of every satellite in every UEs may cost large memory. Meanwhile, the number of orbits is generally not large. Therefore, a practical solution is to store or indicate the orbits to the UEs, i.e., the first five parameters are pre-provisioned. Then a satellite will broadcast the following parameters.
· Orbit index
· Delta correction
· [bookmark: _GoBack]Mean anomaly M [rad] at epoch time t0
The main reason for the satellite’s deviation from the nominal orbit is the perturbation. The format based on state vectors is more suitable to model the perturbation. So the delta correction can be in the form of PVT.
Proposal 14: For the format based on orbital elements, following methods can be considered to further optimize the signaling load:
· Indicate the first five parameters and the associated index to the UEs as reference ephemeris 
· Use delta correction in the form of PVT.
3. Periodicity for satellite information indication
As mentioned in previous section, the updates on the satellite information is expected to ensure the accuracy for UE’s calculation on the TA for service link. Without assumption on other factors, the TA error and frequency error w.r.t the inaccuracy of position and velocity can be defined as：



where  denotes the position error; 




where  is the amplitude,  is the satellite velocity. 



where  is the velocity error.
Based on these analysis, the performance of gravity based propagation method is evaluated as in Figure 7 and Figure 8. In this evaluation, both the radial error, which denotes the error along the radial direction, i.e., from earth center to satellite and total absolute error are evaluated. However, when calculating TA and frequency errors, this radial error is not appropriate since UE is may not locate in the line between earth center and satellite. 
[image: pos_vel_error]
[bookmark: _Ref17463]Figure 7 Illustration of velocity and position error vs propagation period
[image: TA_freq_error_new]
[bookmark: _Ref17479]Figure 8 Illustration of TA/Doppler shift error vs propagation period

By assuming the upper bound of frequency error is 0.1 ppm, the frequency error can be tolerable even if the period is 120 s. However, much shorter period (around 25 s) will be expected with consideration on the timing error when the upper bound of TA error is assumed as Te/2, i.e.,  when 240 kHz SCS is used for SSB. Since the above error bound is for all types of possible timing and frequency error related to the calculation of UE-specific TA, which includes ageing of indicated ephemeris, quantization error, UE GNSS error and etc., the exemplified period should be treated as upper bound for the signaling design to ensure enough margin.
Observation 3: The upper bound of periodicity for satellite information updates is up to 120 s with only consideration on the Doppler shift error by assuming the error range within 0.1 ppm.
Observation 4: The upper bound of periodicity for satellite information updates is up to 25 s with only consideration on the TA error by assuming the error range within Te/2.
Proposal 15: The upper bound of periodicity for satellite information updates should be less 25 s based on the defined TA error range from RAN4.
1. Conclusions
In this contribution, detailed analysis on the synchronization related issues for NTN is conducted with following proposals and observations:
Observation 1: The required bit size for broadcasting of TA parameters for LEO is:
· one common TA in a field of 22 bits; 
· one first order drift rate in a field of 14 bits;
· one second order drift rate in a field of 11 bits if supported;
Observation 2: The required bit size for broadcasting of TA parameters for GEO is 25 bits.
Observation 3: The upper bound of periodicity for satellite information updates is up to 120 s with only consideration on the Doppler shift error by assuming the error range within 0.1 ppm.
Observation 4: The upper bound of periodicity for satellite information updates is up to 25 s with only consideration on the TA error by assuming the error range within Te/2.
Proposal 1: First and second order common TA drift rates should be supported along with common TA.
Proposal 2: Following solutions can be considered to further optimize the overhead of signaling:
· Indication of third order common TA drift rate.
· Indication of multiple set of {common TA, first order drift rate, second order drift rate} with different applicable timing

Proposal 3: The signaling granularity of common TA can be chosen as . The signaling granularity of first order drift rate can be chosen as 2.78*10-3 us/s. The signaling granularity of second order drift rate can be chosen as 2.84*10-4 us/s2.
Proposal 4: In RRC_CONNECTED state, the applied TA can be determined as by assuming the support for the 2nd order of TA drift:

,
where
· 

· 

  is the service link TA at activation time of ephemeris, and  is the variation of service link TA between activation time of ephemeris and UL transmission time, which can be estimated by UE based on GNSS and indicated information.
· 

· 




 is the broadcast common TA,  and  are the first and second order common TA drift rate indicated by BS,  is the interval between activation time of broadcast common TA and DL transmission time of scheduling information, and  is the interval between DL transmission time of scheduling information and UL transmission time.
· 

· 
 is indicated in MAC CE TA command.
Proposal 5: Indication of valid time for assistance information broadcast from BS, e.g., common TA parameters and ephemeris data, should be supported with tradeoff between accuracy and UE’s complexity for SIB monitoring.
Proposal 6: The activation time instant of assistance information can be implicitly known as a reference time linked to DL subframe where the initial SIB carrying the assistance information is broadcast.
Proposal 7: An index associated to the SIB delivering the assistance information is needed to enable the derivation of active time for assistance information.
Proposal 8: The valid time length can be broadcast along with assistance information. A coarse signaling granularity can be applied, e.g., a SIB period.
Proposal 9: Validity timers should be defined for assistance information, e.g., common TA parameters and ephemeris data. The timer should be started/restarted when the updated assistance information is activated and the duration should be set according to indicated valid time. Upon expiry of timer, the UL synchronization is assumed to be lost.
Proposal 10: Explicitly defined GNSS measurement gap should be supported with the benefits to ensure the accuracy for UL pre-compensation and interference mitigation.
Proposal 11: The indication of a single frequency offset is sufficient to address issues for both DL and UL.
Proposal 12: To enabling the UL synchronization for frequency, network should periodically broadcast the amount of frequency compensation in a 12 bit field when DL pre-compensation frequency offset and UL post-compensation frequency offset on service link can be different.
Proposal 13: For the format based on state vectors, use relative position in ephemeris indication to reduce UE power consumption and signalling overhead, at least for HAPS.
[bookmark: _Ref21583]Proposal 14: For the format based on orbital elements, following methods can be considered to further optimize the signaling load:
· Indicate the first five parameters and the associated index to the UEs as reference ephemeris 
· Use delta correction in the form of PVT.
Proposal 15: The upper bound of periodicity for satellite information updates should be less 25 s based on the defined TA error range from RAN4.
Appendix
4. [bookmark: _Ref26691]Bit size for limited represented region 


Considering LEO-600, let  denote 6971+10km, 6971-10km respectively. The value of  satisfies that

.
Therefore


 when , and


 when .

For the first case, it is trivial. For the second case, we have .


Therefore the size of the possible value range of  is not larger than .


Then 20 bits are needed to describe the value of . Similarly, suppose the velocity of the satellite is 7.6±0.4km/s, then 17 bits are needed to describe the value of 




If the number of bits allocated to  and  is not fixed, but according to the values of other parameters, the needed bits can be further reduced. The average number is 16.2 for  and 15.7 for 
4. [bookmark: _Ref26521]Bit size for relative position

In case of HAPS, the total area can be viewed as a plane, which can be divided as shown in Figure 6. The edge length of each cell of grid is decided by the diameter of the visible region of a UE. Suppose a HAPS has the nominal altitude of 5km, and the minimum elevation angle of 10 degree. Then the diameter of the visible region is . Further suppose the HAPS’s real altitude won’t deviate its nominal altitude more than 0.5km, then the required bits will be 2*16+11=43bits
In case of LEO-600 satellite with Set-4 simulation parameters, the UE is not supposed to access a satellite when it is not covered by the beam. Therefore, for the LEO-600, the diameter of visible region is 766km. Furthermore, by assuming that offset of a satellite’s altitude to the nominal is smaller than 10km, the required bits will be 2*20+14=54bits.
Reference	
[1] [bookmark: _Ref40282619]R1-2106231 Session Notes for 8.4 (Solutions for NR to support non-terrestrial networks (NTN)), RAN1#105e
[2] [bookmark: _Ref32552]R1-2106290 FL Summary on enhancements on UL time and frequency synchronization for NR, RAN1#105e
[3] [bookmark: _Ref71537093]R4-2108648 Response LS on NTN UL frequency synchronization requirements
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