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In the RAN1#105e meeting, there were some agreements and conclusions reached on UL time and frequency synchronization as the follows[1]: 
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, we further analyzed the remaining issues of UL timing and frequency synchronization in NTN system. Potential problems and solutions are presented.
Discussion 
Ephemeris format 
Based on RAN1 #104b-e agreements, the following two options are considered. 
· 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 

In the RAN1 #105-e meeting, both ephemeris formats are agreed to support, including state vectors and orbital elements.
There are two remaining issues to be resolved, the first is how to indicate ephemeris information, and the second is the signaling design of epoch time.
For ephemeris information signaling, if both formats are to be indicated in the system information, total overhead should be controllable. In the contribution [2], typical signaling content is illustrated, which can be the starting point. Furthermore, for higher accuracy requirement of ephemeris information, we need to consider multi-level ephemeris information indication. For example, for set1 information, additional variation rate of velocity can be indicated. For set2 information, the orbital parameters can be divided into two parts, the first is corresponding to slowly varied parameters, like as M0, and second part is corresponding to fast varied parameters. Based on this context, on-demand higher accurate ephemeris information indication can be supported.
Proposal 1: Support basic ephemeris information indication in SIB and finer ephemeris information indication in RRC signaling per on-demand requirement.  
For epoch time signalling, the controverisal part based on last meeting is that DL transmission timing of carrying ephemeris may not be exactly same as the effective timing of ephemeris information. If using implict indication, it means the transmission timing should be matched with epoch timing. Though similar feature has been supporting in R16 IIOT reference timing synchronization, in NTN, it needs further investigation. It requires gNB should control transmission timing with less 1 ms error. That may put some strictions for gNB implementation. On the other hand, if using the explicit indication, it would require additional 5 bytes. The key point is that if the accuracy of epoch time can be relaxed. In our view, the accuracy of time-stamp of ephemeris should be less than 1ms. Then if using implicit indication, 1ms delay in transmission timing should be guaranteed. In terms of gNB implementation, we don’t think it is one big burden. 1ms level synchronization among BBU, RRU and satellite control unit should be guaranteed. Otherwise, the whold system may not be workable considering the tight synchronization for gNB and satellite payload. In this context, implict indication is reasonable.
Proposal 2: Support implicit indication linked to DL suframe index for epoch time signalling. 

Common TA and common drift rate indication
At RAN1 #104-e, it was agreed that TA calculation is based on the following equation:
 
Regarding common TA indication, it has agreed that it is network controllable and  with value of 0 is supported. However, when the RP is set in the satellite, common TA is not needed to indicate, instead, default 0 should be supported. By this way, the signaling overhead can be saved.
Furthermore, if the reference point is not configured at the satellite, feeder link timing change is needed to compensate it by the UE. Actually it will complicate UE implementation. Normally UE is required to compensate the service link TA, but if additional feeder link TA is compensated by the UE, the performance is not guaranteed. Instead, we prefer gNB to maintain the timing compensation of feeder link, because gNB can get accurate ephemeris information and satellite position information. 
Proposal 3: In order to save signaling overhead, common TA and common timing drift will be equal to 0 if not indicated. 
Regarding the common TA signaling detail, if the reference point is on the gNB, the common TA should be equal to the RTT related to feeder link, which may reach to tens of milliseconds. If the reference point is located in the satellite, the common timing offset is equal to zero. If the reference point is placed in the service link, the common timing offset would be a negative value. To address different use cases, the common timing offset may cost up to 15 bits if the unit of  is adopted. This will cause more signaling overhead. In another hand, the common TA accuracy is not so important, because it is only used for UL common timing adjustment, that doesn’t impact the orthogonality of different UE signal. Therefore, in order to save the signaling overhead, the granularity of common TA can be per 1024 or 2048 Tc level. 
Proposal 4: The granularity of common TA can apply 1024 Tc or 2048Tc of step size.  

TA margin
During the first acquisition of its UE-specific TA, the UE can either underestimate or overestimate the TA if UE can’t get sufficient accuracy for satellite position and UE position. In case of overestimation, one gap between PUSCH signal and PRACH occasion should be reserved, otherwise, PRACH will cause the interference to PUSCH signal of other users. For underestimation, it will cause GP shrinking. 
Based on this context, the need of TA margin depends on two critical factors, in which the first one is the requirement of UL timing synchronization, and the second one is if the requirement is same as for connected mode and IDLE mode. If the timing requirement is same for RRC-IDLE mode and RRC-connected mode, the TA margin is not needed. From the agreed equation for TA calculation, the TA compensation method is applicable both for RRC connected mode and RRC-IDLE mode. Therefore, the TA margin is not useful if the accuracy of ephemeris information in RRC-Connected and RRC-IDLE mode. The fundamental reason is that if TA error in the initial access is caused by the ephemeris information, then the same error will appear after the initial access. 
Proposal 5: TA margin is not needed if the accuracy of ephemeris information in RRC-IDLE mode and RRC-connected mode is same.

TA indication in RAR
During the initial access, the gNB estimates the initial TA based on the preamble transmitted by UE, and sends the TA command to UE in the Random Access Response (RAR). In NR, the RAR has 12 reserved bits to signal an index  where . UE calculates the relative TA value  using the formula that  (in units of  where for a subcarrier spacing of  kHz, where . Based on the indicated TAC and estimated UE specific TA, UE can compensate the TA before msg3. The following table shows the maximum distance compensated for different SCS using the current NR parameters.
Table 2: Maximum TA value in RAR for various SCS
	SCS
	
	Max.  
	Max. distance compensated

	15 kHz
	1
	2 ms
	300 km

	30 kHz
	2
	1 ms
	150 km

	60 kHz
	4
	0.5 ms
	75 km

	120 kHz
	8
	0.25 ms
	37.5 km

	240 kHz
	16
	0.125 ms
	18.75 km



When a GNSS-equipped UE is applied in the NTN, UE can determine UE position and satellite position based on ephemeris information. Furthermore, UE can calculate TA and compensate it in UL transmission. According to operation experience, the offset distance between the satellite and UE due to ephemeris information outdated is less than 10km within a week. As shown in Table 2, the minimum distance covered by the uplink TA is 18.75 km, which is greater than 10km. Hence, based on reasonable error range of ephemeris information, it may not be necessary to increase bit width of the TA command.
Proposal 6: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
 
TA maintenance
Based on last meeting agreements, close-loop TA and open-loop TA can be supported both. The remaining issue is how to combine these two methods. For the open-loop TA, it relies on UE implementation, which can be based on ephemeris information or based on DL signaling tracking. For close-loop TA, TAC command is used for TA updating. One possible issue is that due to long delay between the gNB and UE, TAC command is always coming later, but the autonomous TA has been conducted. That causes the TA unstable for close-loop TA and open-loop TA combination. In order to resolve this issue, UE should be able to stop UE autonomous TA compensation or predict the possible TA change for TA refinement when combining close-loop TA compensation. For example, UE can subtract the accumulated TA compensated by autonomous TA compensation during the period of close-loop TA generation. 
Proposal 7: On the close-loop and open-TA combination, UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation during the gap between two neighboring TAC commands.  
Time Alignment Timers
In the last meeting, there was one proposal for timer discussion:
From RAN1 perspective validity timers for satellite ephemeris and common TA are needed to maintain UL synchronization in NTN:
· A validity timer configured by the network for satellite ephemeris defines the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris. 
· A validity timer configured by the network for Common TA defines the maximum time during which the UE can apply the Common TA without having acquired new Common TA parameters to be used for Common TA calculation.
FFS: Whether only one validity timer is configured for both Common TA and satellite ephemeris information
The assumption for this proposal is that UE can ignore the system broadcasting and updating if the accuracy can be met. However, it is contradictory. Since the network can control common TA and ephemeris information broadcasting, the gNB should know the accuracy of TA is sufficient or not. Whenever gNB updates the common TA and ephemeris information, UE should get the latest information. Otherwise, why the gNB should update the system information?
In another aspect, currently UL timing maintenance is challenged due to satellite moving. If UE can skip system information updating, it means the timing synchronization is easy to implement, even some redundant existing. Actually it is questionable and not justified. 
Proposal 8: The validity timer for common TA and ephemeris information is not need and UE should read the latest information about common TA and ephemeris information to guarantee synchronization performance.

Frequency pre-compensation for NTN
In DL signal transmission, due to big Doppler shift in LEO case, the downlink common Doppler shift for service link should be pre-compensated at gNB side and signaled to UE to guarantee the performance. For feeder link, the frequency compensation can be transparent to UE. From the implementation perspective, gNB can set any positions as the reference point to calculate Doppler shift. Residual frequency offset estimation can rely on downlink reference signal or primary and secondary synchronization signal. Based on the downlink common Doppler shift indication, UE is able to differentiate the frequency error caused by local oscillator and the Doppler shift, and further apply them in uplink Doppler shift compensation. 
The controversial point is that for earth fixed beam, the DL Doppler shift is varied quickly, so it will have big impact for gNB implementation. Indeed for earth fixed beam, it is reasonable to skip the frequency compensation. However, for earth moving beam, it is necessary and easily implemented for DL frequency pre-compensation. In this sense, DL frequency pre-compensation can be indicated in system information. In case of earth moving beam scenario, the value of frequency compensation can be equal to zero. Regarding the signal details, considering the maximum Doppler shift in DL will reach more than 600 khz, if using khz as indication unit, at most 10bits are enough. It is suggested to use 10bit to indicate the DL frequency compensation.
For UL frequency post-compensation, if gNB doesn’t perform post-frequency compensation, UE should compensate total frequency shift. Technically it is feasible due to knowing the satellite position after system information acquisition. The only thing to be done is to make the conclusion: UE should compensate UL Doppler shift due to satellite moving.
Proposal 9：Support the indication of common frequency pre-compensation with Khz granularity. For earth fixed beam, the value can be zero.
Proposal 10: UE is expected to perform total UL Doppler pre-compensation.  
NTN GW position indication
In last meeting, it was agreed to send one LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW position is broadcast. Actually it is not reasonable to go this way to compensate the feeder link timing. In TN case, BS station position is not easy to broadcast, because it will bring security issue, let along the NTN Gateway. Different from the TN gNB deployment, the number of NTN Gateway and NTN gNB is far less than that of TN gNB. The security level of NTN gateway would be higher than normal gNB.
Regarding the timing maintenance of feeder link timing, currently two solutions are being discussed. The first solution is enabling the feeder link timing compensation by the gNB, in which the whole UL timing compensation is easy to implement. The second solution is to enable the UE to maintain the feeder link timing variation, in which it will put additional requirement to UE synchronization effort. Hence, the first solution is preferred. 
If broadcasting the GW position, technically it is third solution for UL synchronization. It makes the situation more complicated. We have to make the balance for the complexity, security and feasibility. 
Proposal 11: Broadcasting the gateway position is not needed.  
  
Conclusion
In this contribution we discussed some issues of timing and frequency compensation, and provided technical solutions. The following proposals are presented.  
Proposal 1: Support basic ephemeris information indication in SIB and finer ephemeris information indication in RRC signaling per on-demand requirement.  
Proposal 2: Support implicit indication linked to DL suframe index for epoch time signalling. 
Proposal 3: In order to save signaling overhead, common TA and common timing drift will be equal to 0 if not indicated. 
Proposal 4: The granularity of common TA can apply 1024 Tc or 2048Tc of step size.  
Proposal 5: TA margin is not needed if the accuracy of ephemeris information in RRC-IDLE mode and RRC-connected mode is same.
Proposal 6: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
Proposal 7: On the close-loop and open-TA combination, UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation during the gap between two neighboring TAC commands.   
Proposal 8: The validity timer for common TA and ephemeris information is not need and UE should read the latest information about common TA and ephemeris information to guarantee synchronization performance.
Proposal 9：Support the indication of common frequency pre-compensation with Khz granularity. For earth fixed beam, the value can be zero.
Proposal 10: UE is expected to perform total UL Doppler pre-compensation.  
Proposal 11: Broadcasting the gateway position is not needed.  
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