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1. Introduction:

In RAN plenary #86 a work item on non-terrestrial network for Rel 17 is agreed after the two phased study items during release 16 phase (RP-193234). Based on that the work item was initiated in meeting RAN1#102-e. Following are the initial agreements drawn in the meeting.

Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signaled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signaled from network

Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· Option 2: The User specific TA is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
· FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)

This contribution tries to provide further details on UL time synchronization techniques that can be adopted in NTN.



2.   UL Timing synchronization for NTN for transparent payload
During meeting #102-e initial proposals on the estimation of the full TA were discussed. Full TA estimation can be divided as UE specific TA and Feeder link + gNB-Gateway delay (common TA). Further discussion regarding the reference point also took place during email discussion. Indicating both the UE specific and common TA to the UE helps in reducing the scheduling burden at gNB to some extent as well as to have TA decision control at the gNB for better management of resources. Further, it can be safely assumed that the gNB will be aware of the feeder link and the gNB-gateway delay and its rate of change. Therefore, gNB can provide the common TA to the UE for Full TA compensation. 
 
Observation 1: Indicating common TA to the UE will be useful to reduce the gNB scheduling complexity to some extent and for better management of resources.

During initial TA estimation in RRC idle or inactive mode, UE specific TA will be estimated by the UE, and it will receive the common TA from DL broadcast message (may be NTN SIB). Using both of these values, the UE can derive the final TA value to be applied in initial UL transmission i.e. for PRACH preamble transmission. 


Proposal 1: UE will apply full TA which includes UE specific TA and common TA for initial TA adjustment.   


a. Details on UE specific TA estimation:

UE with GNSS capability will know its own location within certain accuracy. This can be used for estimating the TA for pre-compensation. It was agreed in the meeting #102-e that the gNB will provide the additional information to UE for estimation of satellite location. In positioning satellite, satellite location is provided by broadcasting its ephemeris. Similarly, in NTN satellite ephemeris should be broadcasted to the UE using NTN-SIB in broadcast channel. Along with ephemeris, transmission of satellite velocity vector is also important to track the TA at least in RRC connected mode. Rather than transferring the exact position of satellite, broadcasting ephemeris will be useful to further track the satellite for TA compensation especially in LEO case.

Proposal 2: Satellite ephemeris and velocity vector should be broadcasted to assist the UE specific TA estimation.

As mentioned above, UE specific TA estimation concentrate on estimating service link TA. In Rel 17 WI, it is agreed to assume the GNSS capability for estimation of the UE specific TA. Therefore, going ahead, it is necessary to define the meaning of GNSS capability for UE specific TA estimation. It is necessary to specify the accuracy and availability of the GNSS for TA estimation. Similarly, the possibility of GNSS position degradation also should be considered while designing the TA pre-compensation solution. Other aspect is the acquisition of satellite position using ephemeris and rate of change of TA. In general, due to different UE classes, it will be difficult to assume the similar performance across the UEs for the TA estimation. UE may overestimate or underestimate the TA due many reasons like different UE classes, operating condition like environmental conditions, multipath scenarios, tropospheric and ionospheric losses etc.   Therefore, this particular scenario should be considered while designing the signaling for the UE specific TA estimation. Similarly, it is necessary for gNB to have the control over TA that UE applies finally for UL transmission for better gNB resource utilization as well as for security perspective. 

Observation 2: Definition of UE GNSS capability in terms of UE positioning accuracy and availability need to be defined to use it for TA pre-compensation. 

Observation 3: UE may overestimate or underestimate the TA due to various reasons like UE class, environmental condition, multipath, UE/gNB clock offsets, Ionospheric and tropospheric losses etc. These factors should be considered while designing the signaling for UE specific TA estimation.

Observation 4: gNB should have final control over the TA that UE applies for its UL transmission.

Thus, UE can estimate its TA using the GNSS capability and the assistance information received from the gNB, but it should also refine it using the gNB instruction. Similarly, UE should report back the applied TA to the gNB. This will give gNB better control over the UE behavior.

Proposal 3: gNB should provide the set of instructions to refine the TA estimated by UE.

Proposal 4: UE should report the applied TA to the gNB for better control over UE behavior.

[image: ]As solution, gNB can provide method to quantize the estimated TA by predefined value. UE will be configured with a TA step size (). Using this step size UE will quantize the estimated TA () to the lower step as shown in figure 1. 
Figure 1: It shows TA quantization to get final TA.

UE use this TA () as final TA for its UL transmission. Adopting this mechanism will eliminate the chance of the overestimation of TA which will cause the ISI at the gNB reception. Another advantage of this method is that the present RAR 12 bits can be reused for updating the TA at UE without introduction of any new bits for this purpose. Therefore, present NR Rel 15/16 TA updating signaling can be adopted for the case of NTN TA update. One more advantage of this method is that gNB will have ultimate control over adjusting the TA value applied at the UE even though UE is estimating this by its own. This control at gNB is necessary to effectively manage its UL resources.

Proposal 5:  In UE specific TA estimation, TA value estimated by UE is quantized using predefined step size to get the final TA. Step size will be configured by gNB to the UE.


b. Reporting UE specific TA to the gNB:
In terrestrial network, gNB knows the UE’s TA, therefore, it can manage the UE UL transmissions better. But in NTN, as UE estimate its own TA, it is better to report back the estimated TA to the gNB. This is necessary to avoid undesirable behavior of UE. UE can report back the TA value applied at the UE by providing the number of steps (). This will reduce the required bits for TA reporting.


Proposal 6: UE will report the applied TA to gNB in terms of number of steps used in the quantization of TA.

During the study phase, a solution shown in the figure 2(a) was discussed and captured in TR 38.821 for TA acquisition for UL in NTN. It shows the reference point on the ground which will be provided by gNB as offset into the final UE specific TA value. This reference TA can be minimum TA value which can be provided by gNB per beam and/or cell specific as gNB/satellite can know the minimum and maximum point on the footprint. This value further can be used to further refines the TA quantization. 
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Figure 2: a) Agreed mechanism in TR 38.821 b) Shows that the reference point in (a) can be minimum TA () than can be experience in the beam.

This will reduce the number of steps required to be reported to the gNB to indicate the applied TA value to the gNB thus reduces the UL overhead for reporting the TA applied. This comes at the cost of increasing the DL overhead due to reporting the   value, but this will be per beam/cell value and can be common among the group of UEs so that the overhead is less compared with the UL overhead reduction. Moreover, value can act at lower threshold for the UE estimating its own TA value.

Proposal 7: gNB can provide the  value to the UE per beam/cell where is the minimum timing advance UE can experience in the beam/cell. 

c. TA updating in connected mode:
NTN systems maintaining the TA value in connected mode is also challenging especially in LEO scenario as the satellite will be in motion, and its speed will be around 8 Km/s. This makes the TA estimated to go invalid over time. Therefore, there is need for TA update over the time.  As mentioned in above section gNB can convey the satellite velocity information including velocity and velocity vector along with the ephemeris. This can be used for calculating the rate of change in the velocity. 
In TN system, the TA will be updated using MAC-CE based TA command. The present range of TA is not sufficient for the NTN system and moreover due to satellite motion if MAC-CE command-based TA correction is used in TA then required overhead will be very high. Therefore, autonomous TA correction in connected mode is beneficial.

Proposal 8: UE will correct the TA in connected mode using velocity information of satellite apart from the MAC-CE TA based updation.


3. Conclusions
Following are the observations and proposals for NTN in Release-17 presented in this contribution. 

Observation 1: Indicating common TA to the UE will be useful to reduce the gNB scheduling complexity to some extent and for better management of resources.

Observation 2: Definition of UE GNSS capability in terms of UE positioning accuracy and availability need to be defined to use it for TA pre-compensation. 

Observation 3: UE may overestimate or underestimate the TA due to various reasons like UE class, environmental condition, multipath, UE/gNB clock offsets, Ionospheric and tropospheric losses etc. These factors should be considered while designing the signaling for UE specific TA estimation.

Observation 4: gNB should have final control over the TA that UE applies for its UL transmission.

Proposal 1: UE will apply full TA which includes UE specific TA and common TA for initial TA adjustment.   

Proposal 2: Satellite ephemeris and velocity vector should be broadcasted to assist the UE specific TA estimation.

Proposal 3: gNB should provide the set of instructions to refine the TA estimated by UE.

Proposal 4: UE should report the applied TA to the gNB for better control over UE behavior.

Proposal 5:  In UE specific TA estimation, TA value estimated by UE is quantized using predefined step size to get the final TA. Step size will be configured by gNB to the UE.

Proposal 6: UE will report the applied TA to gNB in terms of number of steps used in the quantization of TA.

Proposal 7: gNB can provide the  value to the UE per beam/cell where is the minimum timing advance UE can experience in the beam/cell. 

Proposal 8: UE will correct the TA in connected mode using velocity information of satellite apart from the MAC-CE TA based updation.
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