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1. Introduction
In the previous RAN1#104bis-e meeting, following issues were discussed extensively but no agreements could be achieved [1].
	Updated proposal 2:
The Network may periodically broadcast:
· Common TA
· Common TA drift rate
· Common TA drift rate with value of 0 is supported
· FFS: Common TA drift variation rate
Working assumption:
The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a way transparent to UE.


Besides, other issues, such as satellite ephemeris format and broadcasting the location of reference point (RP), also need further study. 

In this contribution, we will provide our views on the above four issues. 
2. Discussion on the Common Timing Drift Rate 
At the RAN1#104bis-e meeting, a unified TA calculation formula was agreed, where UE-specific TA estimated by the NTN UE and a common TA broadcasted by the network are included [2]. Whether and how to indicate common timing drift rate were also under discussion. In this section, we will provide our views on this issue.
From Figure 1, we can find that with the moving of satellite, the distance between the satellite and UE/gNB changes with time. Therefore, both the common TA for feeder link and UE-specific TA for service link vary with time. 
We will analyze the common TA for feeder link as an example. Firstly, common TA is defined as the round-trip delay (RTD) between satellite/HAPS and gNB. For LEO with altitude 600km and minimum elevation angle 10°, the common TA for feeder link and corresponding common TA drift rate are provided in Figure 2 (a) and Figure 2 (b), respectively. The results show that common TA for feeder link changes in the range of [4.003ms, 12.878ms] and the common TA drift rate for feeder link changes in the range of ±45.8 us. 
Based on the results, we can find that in some ranges (e.g., range 1 and range 3 in Figure 2 (a) and (b)), common TA changes fast while common TA drift rate is large but changes slowly. For these ranges, common TA drift rate should be broadcasted to avoid frequent indication of common TA. Besides, due to the slowly changing common TA drift rate, the periodicity of common TA drift rate can also be set to extremely long. Therefore, broadcasting a common TA drift rate with a long periodicity can help to avoid frequent indication of common TA and increase the common TA accuracy.
In other ranges (e.g., range 2 in Figure 2 (a) and (b)), common TA drift rate changes fast but its value is small. This implies that common TA changes slowly. In this case, common TA drift rate can be used to increase the common TA accuracy with moderate broadcasting periodicity. 
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[bookmark: _Ref71620232]Figure 1 Illustration of moving satellite
[image: 图表, 直方图

描述已自动生成]             [image: 直方图

描述已自动生成]
(a) TA under different time                                               (b) TA drift rate at different time
[bookmark: _Ref71563373]Figure 2 TA and TA drift rate for LEO with altitude 600km
 
Observation 1: Common TA drift rate with a moderate/long periodicity can be indicated to users to avoid frequent indication of common TA and to increase the common TA accuracy.
Proposal 1: Support NW broadcast of common TA drift rate.

At the RAN1#104bis-e meeting, a conclusion of “The orbital propagator model to be used at UE side can be left to implementation” was made, which indicates that UE-specific TA (and also its drift rate) will be handled by UE and left for UE implementation. However, UEs may have different capabilities on obtaining the orbital propagator model and different computation capabilities on calculating the accurate UE-specific TA based on the orbital propagator model. 
In addition to different capabilities on Orbit Propagator Model, UEs may also have different GNSS capability on location accuracy, etc. These all result in different capabilities on TA self-estimation accuracy at the UE side. Therefore, we propose to define the UE capability on different TA self-estimation accuracy. And multiple common TAs can be broadcasted for UEs with different UE capabilities on TA self-estimation/pre-compensation accuracy. Whether to consider overall TA self-estimation accuracy or individual capability on calculating the component for TA can be further discussed.
Proposal 2: UE capability on UE-specific TA self-estimation/pre-compensation is defined to indicate the self-estimation accuracy.
Proposal 3: One or multiple common TAs are broadcasted for UEs with different UE capabilities on TA self-estimation/pre-compensation accuracy.
3. Discussion on Doppler Shift Compensation
Different from the TA compensation topic, where only the uplink time synchronization independent from the carrier frequency is discussed, the doppler shift compensation topic should be discussed for both uplink and downlink transmission. 
3.1. Common doppler shift compensation on feeder link
For downlink transmission, as studied in Rel-16 NTN SI [3], downlink pre-compensation at the gNB can help to reduce the searching range of SSB for frequency synchronization and hence reduce the computation complexity at the UE side.  Therefore, it is preferable to pre-compensate the common doppler shift on feeder link at gNB. 
For uplink transmission, UE may have no information on the doppler shift on feeder link while gNB post-compensation is available. Therefore, it is preferable to post-compensate the common doppler shift on feeder link at gNB.
In that sense,  common doppler shift compensation on feeder link can be transparent to UE both for downlink and uplink.
Proposal 4: The doppler shift over the feeder link and any transponder frequency error for both downlink and uplink are compensated in a way transparent to UE.
3.2. DL doppler shift compensation on service link
At the RAN1#104-e meeting, it was agreed that “If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.”  However, whether to support of DL frequency compensation for the service link Doppler is still FFS. 
For downlink transmission, in addition to the doppler shift compensation on feeder link, the doppler shift on service link can also be partially pre-compensated by the network if necessary. For example, for low frequency band on service link (e.g., 2GHz in Figure 3 (a)), the maximum doppler shift is at most 45kHz, i.e., 3 subcarriers for SCS 15kHz. In this case, the searching range of SSB may be acceptable at the UE side and the pre-compensation of service link by the network may not be necessary. However, for high frequency band on service link (e.g., 20GHz in Figure 3 (b)), the maximum doppler shift can be at most 450kHz, i.e., 7~8 subcarriers for SCS 60kHz. In this case, the searching range of SSB would put large impacts on UE computation complexity and the partial pre-compensation of common doppler shift on service link by the network may be necessary.
Observation 2: DL doppler shift partial pre-compensation on service link may be necessary in some cases (e.g., high frequency band).
Proposal 5: DL doppler shift partial pre-compensation on service link at NW side is supported at least for high frequency band.
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(a) 2GHz carrier frequency
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(b) 20GHz carrier frequency
[bookmark: _Ref71623042]Figure 3 Doppler shift and variation over time
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Figure 4 Procedure of frequency synchronization in NTN
4. Others
4.1. Discussion on Ephemeris Format
In RAN1#104bis-e meeting, two sets of satellite ephemeris were agreed. But it is still FFS whether down-selection is needed or both sets are supported. Based on the analysis and comparisons in the feature lead summary in RAN1#104e meeting [4], the two options both have their advantages and disadvantages.
For example, set 1, i.e., ephemeris parameters based on satellite position and velocity state vectors, has the advantage of low computation complexity and high compatibility of all implementation systems (e.g., Satellite/HAPS/ATG). However, satellite position and velocity state vectors change fast and should be broadcasted with a short periodicity. Therefore, ephemeris parameters in set 1 can be used for the scenario requiring accurate estimation.
Set 2, i.e., ephemeris parameters based on orbital elements, changes slowly and can be broadcasted with a long periodicity. However, the ephemeris parameters in set 2 should be firstly transformed into the ephemeris parameters in set 1 before further calculation, which will consume high computation complexity. Therefore, set 2 can be used for some scenarios and objectives, e.g., for initial access or some cell selection functions.
Observation 3: Two sets of satellite ephemeris parameters have their advantages and disadvantages regarding the computational complexity, indication accuracy and periodicity.
Proposal 6: Support both of the following two sets 
· Set 1: Satellite position and velocity state vectors:
· position X,Y,Z in ECEF (m) 
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· 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 to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris

4.2. Discussion on broadcasting the location of reference point
The main motivation of broadcasting the location of reference point is to carry out UE-centric calculation. For example, it was claimed that based on the location of reference point, UE can calculate the TA and doppler shift on UE-specific link. However, after the extensive discussion on TA calculation and broadcasting methods for TA as well as the common doppler shift on service link and feeder link, these features  can work without broadcasting the location of reference point. It is not necessary or preferred to define two types of calculation methods.
Besides, reference point may be left to network implementation based on the discussions in the first two meetings. If reference point is not located at the gNB/GW, broadcasting the locations may not indicate the network topology. However, if reference point is located at the gNB/GW, which is a good solution for aligned UL/DL at gNB side, broadcasting the locations may indicate the network topology and locations, which may be not secure.
Proposal 7: It is not necessary to broadcast the location of reference point and define two types of calculation methods for TA and doppler shift.
5. Conclusion
In this contribution, we discussed the common timing drift rate for TA pre-compensation in NR NTN UE, the common doppler shift compensation for feeder and service link, the satellite ephemeris sets for NTN and reference point. Based on the discussion we made following observations. 
Observation 1: Common TA drift rate with a moderate/long periodicity can be indicated to users to avoid frequent indication of common TA and to increase the common TA accuracy.
Observation 2: DL doppler shift partial pre-compensation on service link may be necessary in some cases (e.g., high frequency band).
Observation 3: Two sets of satellite ephemeris parameters have their advantages and disadvantages regarding the computational complexity, indication accuracy and periodicity.

Based on the discussion we made following proposals.
Proposal 1: Support NW broadcast of common TA drift rate.
Proposal 2: UE capability on UE-specific TA self-estimation/pre-compensation is defined to indicate the self-estimation accuracy.
Proposal 3: One or multiple common TAs are broadcasted for UEs with different UE capabilities on TA self-estimation/pre-compensation accuracy.
Proposal 4: The doppler shift over the feeder link and any transponder frequency error for both downlink and uplink are compensated in a way transparent to UE.
Proposal 5: DL doppler shift partial pre-compensation on service link at NW side is supported at least for high frequency band.
Proposal 6: Support both of the following two sets 
· Set 1: Satellite position and velocity state vectors:
· position X,Y,Z in ECEF (m) 
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· 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 to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
Proposal 7: It is not necessary to broadcast the location of reference point and define two types of calculation methods for TA and doppler shift.
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