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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#106b-e meeting, there were some agreements and conclusions reached on UL time and frequency synchronization as the follows[1]: 

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]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:
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]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)

[bookmark: OLE_LINK16][bookmark: OLE_LINK17]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. 

[bookmark: OLE_LINK12][bookmark: OLE_LINK13]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.

[bookmark: _Hlk81237118]
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 
At RAN1 #104-bis-e, it was agreed that TA calculation is based on the following equation:

Where:
  is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
  is UE self-estimated TA to pre-compensate for the service link delay.
 is network-controlled common TA, and may include any timing offset considered necessary by the network.
 with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
 is a fixed offset used to calculate the timing advance. 

0. UE self-estimated TA 
  is UE self-estimated TA to pre-compensate for the service link delay. UE calculates or updates  based on the satellite ephemeris and GNSS position information. The calculation or refresh of   is left to UE implementation and not specified. In the RAN WG1#106e-meeting, we have agreements that serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame. This starting time should be one specific DL slot and/or subframe in the SFN, which is beneficial for calculating the delay accurately on the service link. UE may predict the ephemeris and calculate distance or delay between UE and satellite in the others time according to the satellite ephemeris on Epoch time. As satellite is continuously moving and uncertain time of arriving satellite, UE can’t calculate  accurately, and timing error is left to closed-loop TA compensation.

Proposal 1: Serving satellite ephemeris Epoch time should be linked to the DL slot and/or subframe carrying the ephemeris information.

0. Common TA parameters
In the last meeting, it was agreed for common TA parameters, the network may optionally indicate one or more of the following parameters: common TA, common TA drift rate and common TA drift rate variation. According to our simulation result, the common TA prediction accuracy with the prediction over 50s is less than 0.5us by common TA and common TA drift rate. We think that the better prediction accuracy could be acquired by common TA, common TA drift rate and common TA drift rate variation. Common TA third order derivative is not necessary for TA prediction, which increases the signalling overhead and implementation complexity. Common TA parameters indication should be considered compromise between implementation accuracy and complexity and signalling overhead.

Proposal 2: Third order derivative of common TA is not needed.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]How the UE calculates/updates the NTA, common, this is a implementation issue. Regarding Common TA applied by the UE, of course we need consider other parameters including common TA drift and/or common TA drift variation. 
The  to be applied by the UE will be given by the following equation:

Where :
 is network indication of Common TA at epoch time 

We may need to differentiate between what gNB indicates and what UE would apply. That is, we may agree (at least for LEO) the common TA applied by the UE should/may take into account DL delay part ds,DL and UL delay part ds,UL, which are not equal in practice. Network may indicate the 2-way delay (Common TA) parameters and the UE can easily derive the 1-way delay parameters, The UE may preferably take into account the satellite movement for each component for best accuracy of the curve fitting. 
In the last meeting, we have agreement on the granularity of the Common TA applied by the UE is . The granularity will be used to determine the maximum range of common TA, which is: 
  , Thus, to determine the bit allocation/payload for Common TA.
Observation 1: [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Maximum RTD on the feeder link and granularity determine the signaling bit number of common TA.
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 GW/gNB position information. 
Another issue is the range of common TA. Currently it is ambiguous about the description of common TA. The common TA is determined as the RTD from the reference point to the satellite, i.e. by subtracting the delay compensated at the gNB from the feeder link RTD. If common TA configured by network is negative, that is, the reference point is on the service link, as a result, there would have two different timing drifts to be compensated. It complicates the implementation of UE and network.

Proposal 3: In order to save signaling overhead, common TA and common timing drift rate or high-order derivative will be equal to 0 if not indicated. 
Proposal 4: Common TA should be greater than or equal to 0 if indicated.
0.2 Ephemeris format 
Based on last meeting, the working assumption is as follows:
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 

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 simultaneously, total overhead should be too larger. Hence, depending on network deployment, gNB can choose one of two ephemeris formats to be transmitted in SIB. Another format can be indicated by UE specific RRC signaling as one complement. 
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 5: Support only one of two ephemeris formats in SIB up to network configuration.
Proposal 6: Support finer ephemeris information indication in RRC signaling per on-demand requirement.  
0.3 Validity timer/duration configuration
For the indication of validity duration of satellite ephemeris and common TA, we think validity duration is related to the characteristics of satellite orbiting and should be stable, so we support to broadcast the valid duration in SIB along with assistance information to simplify the signaling design. The configuration is not needed to be per BWP, but can be per cell. In general we think the validity timer should not be designed too complicated. If the timing target accuracy is different for SCS subcarrier, then it can be scaled up/down. Moreover, a coarse signalling granularity can be applied to save signalling overhead. 
Before the validity timer is to expire, UE should inform network to stop transmitting data and require the new assistance information with serving satellite ephemeris data or Common TA parameters. UE will lose 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. After UE has lost uplink synchronization, UE will claim it will enter out of syn state, and re-acquire new satellite ephemeris information. For common TA information, since it can be indicated or not indicated, it will not impact the UE synchronization.  
Proposal 7: Support validity duration along with satellite ephemeris and Common TA is broadcasted in SIB to simplify the signaling design.
Proposal 8: After UE has lost uplink synchronization caused by unavailable new ephemeris information, NTN UE will enter out of syn state and re-acquire fresh ephemeris information. 

0.4 TA update
Based on RAN#104e-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. Then we propose:
Proposal 9: 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.  
As agreed in RAN1, the Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

For this equation, there is one problem: if UE updates the  based on UE position and satellite position when UE is being in RRC-connected mode, old  will make TA estimation incorrect. For PRACH transmission phase in the initial access stage,  is equal to zero, but when using new UE position and satellite position to calculate the , the accumulative TA () will not be valid no longer. Furthermore, if same equation is used for initial access stage and after RRC connection stage, it means TA margin for the initial access stage is not valid.
Proposal 10: [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Need the clarification that  should be set to zero in case that UE re-calculates the  based on new UE position and satellite position not relying on previous TA information. 
0.5 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 11: Support the indication of common frequency pre-compensation with KHz granularity. For earth fixed beam, this value can be zero.
0.6 NTN GW position indication
In RAN1 #106 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 12: Broadcasting the gateway position is not needed.  
1 Conclusion
In this contribution we discussed some issues of timing and frequency compensation, and provided technical solutions. The following proposals are presented.  
Proposal 1: Serving satellite ephemeris Epoch time should be linked to the DL slot and/or subframe carrying the ephemeris information.
Proposal 2: Third order derivative of common TA is not needed.
Proposal 3: In order to save signaling overhead, common TA and common timing drift rate or high-order derivative will be equal to 0 if not indicated. 
Proposal 4: Common TA should be greater than or equal to 0 if indicated.
Proposal 5: [bookmark: _GoBack]Support only one of two ephemeris formats in SIB up to network configuration.
Proposal 6: Support finer ephemeris information indication in RRC signaling per on-demand requirement.  
Proposal 7: Support validity duration along with satellite ephemeris and Common TA is broadcasted in SIB to simplify the signaling design.
Proposal 8: After UE has lost uplink synchronization caused by unavailable new ephemeris information, NTN UE will enter out of syn state and re-acquire fresh ephemeris information. 
Proposal 9: 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 10: Need the clarification that  should be set to zero in case that UE re-calculates the  based on new UE position and satellite position not relying on previous TA information. 
Proposal 11: Support the indication of common frequency pre-compensation with KHz granularity. For earth fixed beam, this value can be zero.
Proposal 12: Broadcasting the gateway position is not needed.  

Observation 1: Maximum RTD on the feeder link and granularity determine the signaling bit number of common TA.
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