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[bookmark: _Ref18181]Introduction
In RAN1#106b-e [1], the followings have been agreed on UL 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, the remaining issues for UL synchronization are elaborated with corresponding analysis and simulation results. 
UL timing synchronization
0. [bookmark: _Ref27980]Indication of common TA drift rate
In RAN1#106b-e [2], as mentioned above, it has been agreed that network may optionally indicate one or more of common TA, common TA drift rate and common TA drift rate variation. Whether to indicate third order drift derivative and how to combine the common TA parameters are not determined yet. Due to the nonlinear variation of common TA, indication of the higher order drift rates could be beneficial for the performance of UL synchronization with better prediction performance at UE side. For LEO-600, the detailed evaluations on maximum residual error of common TA autonomously predicted by UE based on optimized common TA and drift rates are shown in Table 1. The optimized parameters are determined by numerical optimization on classical minimax problem. 
[bookmark: _Ref22492][bookmark: _Ref6798]Table 1 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


From evaluation results shown in Table 1, it can be observed that indication of up to second order drift rates can ensure the validity duration longer than 10 s even with most strict timing error constraint (Te = 3*64*Tc = 0.098 us). Therefore, indication of third order drift rate is less significant compared to others. For sake of progress, indication of the 3rd order can be avoided.  
W.r.t. the combination of common TA parameters, some of the combination forms cannot work well in many scenarios. For example, even with a loose timing error constraint (Te = 12*64*Tc = 0.39 us, which is applied when SCS = 15kHz), the combination {common TA, common TA drift rate} cannot ensure long enough indication period in LEO-600 (around 3 s). If only common TA is indicated, the indication period should be even much shorter. Therefore, it is reasonable to only support the combination {common TA, common TA drift rate, common TA drift rate variation} for LEO case to reduce the implementation complexity at UE side. However, in GEO case, the common TA is almost stable so that indication of drift rates are not necessary. Therefore, two options can be considered for common TA parameter indication:
· Option 1: Only support the combination {common TA, common TA drift rate, common TA drift rate variation}, where the common TA drift rate and common TA drift rate variation can be zero.
· Option 2: Support following two combinations, which can be configured by gNB for different scenarios 
· {common TA, common TA drift rate, common TA drift rate variation}
· {common TA}
Option 1 can provide a unified signaling for all scenarios, which simplifies the signaling design and UE’s implementation. And signaling overhead reduction can be achieved by Option 2. However, if option 2 is applied, an additional signaling is required to indicate the satellite type to UE.
Proposal 1: Following options can be considered for common TA parameters indication:
· Option 1: Only support the combination {common TA, common TA drift rate, common TA drift rate variation}, where the common TA drift rate and common TA drift rate variation can be zero.
· Option 2: Support following two combinations, which can be configured by gNB for different scenarios 
· {common TA, common TA drift rate, common TA drift rate variation}
· {common TA}
0. Signaling and granularity of common TA and common TA drift rates


In RAN1#106b-e [2], as shown above, the granularity of common TA has been agreed as , where  is the highest allowed numerology. Since common TA drift rates are also agreed to be indicated, their granularity and range should also be specified.   


In following evaluations,  is assumed since the minimum timing error limit Te = 0.098 us is adopted in this case. By assuming that the granularity of common TA is  and max quantization errors contributed by different order drift rates are in same level, the maximum residual error of common TA after quantization are evaluated as shown in Table 2. From the evaluation results, it can be observed that 12 bits for 1st order and 9 bits for second order drift rates quantization can ensure the maximum residual error of common TA is below minimum Te when indication period is as along as 10 s.
[bookmark: _Ref29111]Table 2 Maximum approximation error for the common TA with assumed indication on first and second order drift rates
	Indication period
	3 s
	5 s
	10 s
	15 s
	20 s
	30 s

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

	Quantization


(Granularity of common TA is fixed as  and )
	1st order: 11 bits 
2nd order: 8 bits  
	0.0376 us
	0.0667 us
	0.1495 us
	0.3414 us
	0.4453 us
	1.1819 us

	
	1st order: 12 bits 
2nd order: 9 bits  
	0.0178 us
	0.0362 us
	0.0885 us
	0.1701 us
	0.4105 us
	0.8511 us

	
	1st order: 13 bits 
2nd order: 10 bits 
	0.0103 us
	0.0163 us
	0.0658 us
	0.1310 us
	0.2802 us
	0.8877 us


With the consideration that minimum elevation angle is 10 degree, the required bit number for common TA parameters are summarized in Table 3. As evaluated above, the required bit number for 1st order and 2nd order drift rates are at least 12 and 9, respectively, to ensure validity duration is longer than 10 s. 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 3 Required bit number for common TA and common TA drift rate expression
	
	LEO-600
	LEO-1200
	GEO

	Common TA
	Upper bound
	12.88 ms
	20.88 ms
	270.54 ms

	
	Granularity
	

	

	


	
	Required bit number 
	22
	23
	26

	Common TA drift rate 
	Upper bound
	45.4 us/s
	40.1 us/s
	0

	
	Granularity
	1.11e-2 us/s
	1.11e-2 us/s
	-

	
	Required bit number 
	12
	12
	0

	Common TA drift rate variation
	Upper bound 
	0.581 us/s2
	0.2464 us/s2
	0

	
	Granularity
	1.13e-3 us/s2
	1.13e-3 us/s2
	-

	
	Required bit number 
	9
	8
	0


Proposal 2: The signaling granularity of common TA drift rate can be chosen as 1.11*10-2 us/s. The signaling granularity of common TA drift rate variation can be chosen as 1.13*10-3 us/s2.
Proposal 3: If only one type of common TA signaling is supported, following configurations can be considered:
· {one common TA in a field of 26 bits, one first order drift rate in a field of 12 bits, one second order drift rate in a field of 9 bits}
Proposal 4: If different types of common TA signaling are supported for different scenarios, following configurations can be considered
· {one common TA in a field of 23 bits, one first order drift rate in a field of 12 bits, one second order drift rate in a field of 9 bits}
· {one common TA in a field of 26 bits}
0. TA maintenance mechanism 
According to previous discussion, following equation is considered for the TA calculation in RAN1#106b-e [2]:

 .



How to calculate ,  and  and how to combine the open and closed loop mechanisms are not determined yet. 
2. Mechanism on TA calculation/update with Closed-loop value



The closed loop TA control, i.e., update mechanism of , has been agreed in RAN1#106e based on Rel-16 specification except that  is introduced at initial access and its value is FFS with consideration on TA margin. However, in RAN1#106b-e, the TA margin is concluded not introduced as mentioned above. Therefore,  is always equal to zero in initial access and can be removed from the formula.


Proposal 5: When TAC () in msg2/msgB is received,  is calculated as follows:

,

where  is the TAC filed received in msg2/msgB.
2. 
Mechanism on TA calculation/update with 


 is service link TA, which is open-loop controlled by UE based on GNSS information of UE and ephemeris information of satellite indicated from BS via implementation. In previous agreement, it has already agreed that the propagator at UE side is up to implementation. Therefore, there is no need to further restrict the UE’s behavior during the calculation of . 

Proposal 6:  is calculated/updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris via implementation.
2. 
Mechanism on TA calculation/update with 



 is common TA indicated from BS and can be open loop adjusted based on common TA parameters, e.g., 1st and 2nd order drift rate. Regarding the calculation of common TA, it is reasonable to consider the offset between receiving DL scheduling signal and transmitting UL data with impacts of changes of propagation delay. As the example of the timeline for the usage of parameters for TA maintenance shown in Figure 1, before receiving DL signal, both DL delay and UL delay change, so that the full common TA drift rate should be counted. While after receiving DL signal and before transmitting UL signal, only the UL delay will change so that half of the common TA drift rate should be counted. With this consideration, UE should determine  based on common TA parameters, epoch time of common TA, DL transmission time of scheduling information, and UL transmission time in RRC_CONNECTED state. While for initial access in RRC_IDLE state, since there is no scheduling information for PRACH, the DL transmission time is not needed to be considered. Based on the agreed parameters in last meeting, the above consideration on the calculation of  can be left to UE implementation.
[image: ]
[bookmark: _Ref83729857]Figure 1 Timeline for usage of indicated parameters 

Proposal 7: In RRC_IDLE,  is calculated/updated autonomously by the UE based on common TA parameters, epoch time of common TA, and UL transmission time via implementation. 

Proposal 8: In RRC_CONNECTED,  is calculated/updated autonomously by the UE based on common TA parameters, epoch time of common TA, DL transmission time of scheduling information, and UL transmission time via implementation. 
2. Mechanism on TA updates to avoid duplicated correction 












In RAN1#106b-e, how to handle double correction in the combination of closed and open loop TA control has been discussed. An LS [3] was sent to RAN4 asking whether the legacy gradual timing adjustment mechanism can be applied to mitigate the TA jump due to double correction. If RAN4 replies that gradual timing adjustment is applicable, this issue can be left up to RAN4. If not, the jump of open loop controlled TA, i.e.,  and , can be subtracted from the accumulative closed loop TA  to avoid the jump of overall TA. More specifically, when UE determines new UE specific TA  based on newly obtained GNSS position and/or ephemeris, UE could subtract the difference between new value  and old value  from the accumulative closed loop TA , i.e., . For open loop control of common TA, similar procedure can be adopted, where UE subtracts the difference between common TA derived based on new parameters  and the value based on old parameters  from the accumulative closed loop TA , i.e., . With this method, RAN4 requirements will not be affected.
Proposal 9: If no conclusion in RAN4 on this issue, the following solution should be specified to avoid the duplicated correction:
· 
UE subtracts the difference between UE specific TAs derived based on new parameters and old parameters from the accumulative closed loop TA when new GNSS fix and/or new ephemeris are applied, i.e., .
· 
UE subtracts the difference between common TAs derived based on new parameters and old parameters from the accumulative closed loop TA when new common TA parameters are applied, i.e., .
0. Validity timer for assistance information 
3. Validity duration indication
In RAN1#106b-e, it has been agreed that 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. It is reasonable to use one SIB to indicated common TA and ephemeris, which are both NTN parameters. Hence, single validity duration shared by common TA and ephemeris parameters should be broadcast per cell to simplify the design. 
Moreover, for validity duration indication, if the scheduling unit, i.e., a slot, is used as the signaling granularity, the indicated value will depend on applied SCS and could be larger than 10000 since the duration can be longer than 10 s as evaluated above. Considering that there is no significant performance loss when the indicated validity duration is a bit short, a coarse granularity, e.g., one second, can be adopted for validity duration indication to save signaling overhead. 
Proposal 10: A single validity duration for both common TA and ephemeris parameters should be broadcast by SIB per cell. 
Proposal 11: The signaling granularity of validity duration can be chosen up to one or more seconds with larger range to cover all potential cases.
3. Update of assistance information
As agreed in RAN1#106b-e, 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. However, how to acquire new or additional assistance information is not determined yet. Obviously, the complexity of UE will be high if UE read every SIB to update assistance information (redundant SIB decoding) or only update assistance information after synchronization loss (additional re-access procedure). Hence, a periodical update mechanism can be applied for the assistance information, where the update period should be equal to or shorter than validity duration length, e.g., as shown in Figure 2. In this case, continuous transmission with accurate UL synchronization can be ensured with relatively low complexity. Moreover, the periodical update mechanism aligns better with legacy SIB update procedure and has almost no spec impact except to define a specific modification period for SIB containing assistance information.
[image: valid time]
[bookmark: _Ref31955]Figure 2 Illustration of indication of assistance information
Proposal 12: The assistance information can be updated by UE through periodic SIB reading. The update period should be equal to or shorter than the validity duration to avoid synchronization loss during UL transmission.
3. Epoch time indication
To deliver the full set information of validity duration without confusion at UE side, the epoch time, i.e., activation time instant, of assistance information should be indicated to UE in addition to validity duration. To save signaling, the activation time instant can be considered indicated in an implicit way instead of directly indicating the UTC time. However, since UE may not be able to identify initial transmission of SIB among multiple repetitions, it is not always feasible to utilize a predefined rule to indicate epoch time, e.g., link the epoch time to the DL slots carrying the SIB. Hence, network can provide the SFN and subframe index to which the epoch time is linked.
Moreover, even if the SFN and subframe index linked with epoch time is indicated, the absolute epoch time cannot be known by UE if the reference point of epoch time is not known. For example, if BS set the epoch time as the transmission time of a DL subframe but UE identify the epoch time as the receiving time, there will be misalignment in latter propagation of ephemeris and common TA. In order to let UE and BS achieve consensus on the epoch time, the propagation delay between UE and reference point should be known by UE and the delay between BS and reference point should be known by BS. Therefore, the reference point of epoch time should be the satellite.
Proposal 13: The epoch time of assistance information can be implicitly indicated to UE using SFN and subframe index.
Proposal 14: The reference point for epoch time should be satellite.
UL frequency synchronization
0. Indication of common compensation frequency offset
In RAN1#106b-e, whether to support and indicate the common DL frequency compensation for the service link Doppler shift was discussed but no consensus is achieved. When DL pre-compensation for the service link Doppler shift is performed, the pre-compensated value should be indicated to UE to ensure UE is able to determine the nominal TX frequency in UL. As restricted in TS 38.101, 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, the required bit number for indication of common compensation frequency offset on service link is as shown in Table 4.
[bookmark: _Ref30569]Table 4 Required bit number for indication of common DL frequency compensation for the service link Doppler shift 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


For earth-fixed scenario, the maximum Doppler drift rate can be as large as 0.27 ppm/s for LEO-600 as shown in TR 38.821 [4]. In this case, the indicated common DL frequency may need to be updated with a period of few seconds to ensure the error is within 0.1 ppm tolerable range. By indicating a Doppler drift rate or directly indicating position of reference point could reduce the update frequency but more advanced signaling design is required. 
In TR 38.821 [4], it has been concluded that robust DL initial synchronization performance based on Rel-15 SSB can be achieved without DL pre-compensation at the cost of higher UE complexity. Therefore, DL frequency compensation for service link is not an essential issue. With consideration on limited time, it is recommended to deprioritize support of this feature in Rel-17.
Proposal 15: With consideration on the limited time, it is recommended to deprioritize support of common DL frequency compensation for the service link Doppler shift in Rel-17.
Satellite ephemeris indication
In RAN1#106e-bis, the bits allocation for serving satellite ephemeris for LEO/MEO/GEO is assumed to be 17 bytes for PV format, and 18 bytes for orbital parameter format. The bit allocation for HAPS is still undetermined. Additional overhead reduction method is still welcomed.
0. Bit allocation for HAPS
Only PV format can be used to indicate ephemeris in HAPS. Without loss of generality, assume the HAPS’s altitude is 20-50km, and velocity is smaller than 100km/h. A HAPS only has limited visible region, it is a large waste to indicate its position in a global way. A better solution is to take advantage of the limited visible region, and represent the position in a relative way [5]. Then the required bits for PV format of HAPS is analyzed in Appendix 6.1 and listed as follows.
· The field size for position [m]  is [51 bits]
· Position range is driven by altitude and minimum elevation angle, as shown in Appendix 6.1
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [ 27 bits]
· Velocity range is driven by a maximal velocity of 100km/h
· The quantization step is [0.06 m/s] for Velocity
Proposal 16: Use relative position in HAPS ephemeris to take advantages of the limited visible region
Proposal 17: Allocate 78 bits for HAPS ephemeris
0. Additional enhancement to reduce signalling overhead
The working assumption in RAN1#106e-bis is able to indicate any position within the range of +/-42200km in each axis. However, for certain type of network, e.g., LEO-600, it may only move within the altitude of 600±x km like a spherical shell. Bits allocation can be reduced if the bits number is different for different network type. It is worth noting that extra signalling to indicate vehicle type may be unnecessary. Generally a UE is aware of the network type when it tries to access a network. The network type may be deduced based on the PLMN id, common TA value, and so on. For example, in LEO-600 the indicated common TA value is significantly smaller than that of the MEO-1200.
Proposal 18: Different network types may have different allocated bits number, to further reduce the signalling overhead.
The relative representation of position is also valid for satellite network. Suppose a UE won’t try to access a satellite when it is not covered by the beam. In case of LEO-600 satellite with Set-4 simulation parameters, the diameter of visible region is 766km. Comparing with the 26bits for +/-42200km, only 20 bits are needed to represent each axis in relative position.
Proposal 19: Considering relative position in satellite ephemeris to further reduce signalling overhead.
For the orbital parameter format epehmeris, the state of a satellite is determined by the orbit parameters and 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
· 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 PV.
Proposal 20: 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 pre-provisioned reference ephemeris 
· Use delta correction in the form of PV.
Conclusions
In this contribution, detailed analysis on the synchronization related issues for NTN is conducted with following proposals and observations:
Proposal 1: Following options can be considered for common TA parameters indication:
· Option 1: Only support the combination {common TA, common TA drift rate, common TA drift rate variation}, where the common TA drift rate and common TA drift rate variation can be zero.
· Option 2: Support following two combinations, which can be configured by gNB for different scenarios 
· {common TA, common TA drift rate, common TA drift rate variation}
· {common TA}
Proposal 2: The signaling granularity of common TA drift rate can be chosen as 1.11*10-2 us/s. The signaling granularity of common TA drift rate variation can be chosen as 1.13*10-3 us/s2.
Proposal 3: If only one type of common TA signaling is supported, following configurations can be considered:
· {one common TA in a field of 26 bits, one first order drift rate in a field of 12 bits, one second order drift rate in a field of 9 bits}
Proposal 4: If different types of common TA signaling are supported for different scenarios, following configurations can be considered
· {one common TA in a field of 23 bits, one first order drift rate in a field of 12 bits, one second order drift rate in a field of 9 bits}
· {one common TA in a field of 26 bits}


Proposal 5: When TAC () in msg2/msgB is received,  is calculated as follows:

,

where  is the TAC filed received in msg2/msgB.

Proposal 6:  is calculated/updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris via implementation.

Proposal 7: In RRC_IDLE,  is calculated/updated autonomously by the UE based on common TA parameters, epoch time of common TA, and UL transmission time via implementation. 

Proposal 8: In RRC_CONNECTED,  is calculated/updated autonomously by the UE based on common TA parameters, epoch time of common TA, DL transmission time of scheduling information, and UL transmission time via implementation. 
Proposal 9: If no conclusion in RAN4 on this issue, the following solution should be specified to avoid the duplicated correction:
· 
UE subtracts the difference between UE specific TAs derived based on new parameters and old parameters from the accumulative closed loop TA when new GNSS fix and/or new ephemeris are applied, i.e., .
· 
UE subtracts the difference between common TAs derived based on new parameters and old parameters from the accumulative closed loop TA when new common TA parameters are applied, i.e., .
Proposal 10: A single validity duration for both common TA and ephemeris parameters should be broadcast by SIB per cell. 
Proposal 11: The signaling granularity of validity duration can be chosen up to one or more seconds with larger range to cover all potential cases.
[bookmark: _GoBack]Proposal 12: The assistance information can be updated by UE through periodic SIB reading. The update period should be equal to or shorter than the validity duration to avoid synchronization loss during UL transmission.
Proposal 13: The epoch time of assistance information can be implicitly indicated to UE using SFN and subframe index.
Proposal 14: The reference point for epoch time should be satellite.
Proposal 15: With consideration on the limited time, it is recommended to deprioritize support of common DL frequency compensation for the service link Doppler shift in Rel-17.
Proposal 16: Use relative position in HAPS ephemeris to take advantages of the limited visible region
Proposal 17: Allocate 78 bits for HAPS ephemeris
Proposal 18: Different network types may have different allocated bits number, to further reduce the signalling overhead.
Proposal 19: Considering relative position in satellite ephemeris to further reduce signalling overhead.
Proposal 20: 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 pre-provisioned reference ephemeris 
· Use delta correction in the form of PV.
[bookmark: _Ref21583]Appendix
[bookmark: _Ref26521][bookmark: _Ref21094]Bit size for relative position of HAPS
In NTN, a UE is assumed to have GNSS capability. With its own position, a UE can reduce the possible region of the source of the transmitted signal. As shown in Figure 3, 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 a small grid in Figure 3 is larger than the visible region, a UE cannot simultaneously receive signals from two grids 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.
The center of the small grids may be indicated to the UEs in the following ways.
1. Each serving node 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 serving node 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.

[image: ]
[bookmark: _Ref510]Figure 3 Small grids with associated index

In case of HAPS, assume the altitude is 20-50km and the minimum elevation angle is 30 degree, then the maximal diameter of the visible region is . Therefore the required bets number to represent relative position is 2*17+15=49 bits.
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