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1. Introduction
In the RAN1#103-e meeting, the potential enhancements for UL time and frequency synchronization were extensively discussed and we have reached the following agreements [1]:

Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.

Agreement:
· In NTN, the network may broadcast 

· A common timing offset value 

· FFS details of the common timing offset

· FFS: A common timing drift rate

· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:
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Where:
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is derived from the User specific TA self-estimation
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 is derived at least from the common timing offset value if broadcasted by the network. The granularity of [image: image7.png]


 and whether [image: image9.png]


 is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
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depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.

· [image: image13.png]


 is specified in TS 38.211 section 4.1. 

· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.

Working assumption:

It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
 Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.

Agreement:

An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.
In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. We hope that our contribution may help making some progresses on this agenda item. 

2. Discussion

2.1. Common TA indication for Msg1/MsgA
In last meeting, we have agreed that a common TA (CTA) is indicated to the UE in the system information. The CTA will be used as a part of the TA for transmitting Msg1/MsgA. However, there is FFS on the unit of the CTA. In NR, the TA unit is a granularity of 16 samples, i.e. 
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; however, if we keep this same granularity, the CTA may require significant signaling overhead for indicate the whole range of CTA, e.g. the range from 0 to the value corresponding to twice of the feeder link propagation time.  An alternative option is set the granularity of CTA as a multiple of 16 samples. 
Observation 1: legacy TA granularity may burden the system information overhead. 

Proposal 1: CTA granularity is based on a multiple of 16 samples interval, e.g. N*
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, where N is for FFS. 
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Fig 1: reference point and TA indication
2.2. UE-specific TA self-estimation time

Up to now, we have discussed that in R17 NTN UE is assumed to be capable of self-estimating the UE-specific TA based on UE position and satellite ephemeris data. It is yet clear when the UE shall perform the TA self-estimation for the Msg1/MsgA. Usually, the earlier the UE estimates, the less reliable the TA estimation would be; but one the other hand, the less computation burden the UE has. In any case, we believe that it would be quite difficult to mandate a time interval prior to the Msg1/MsgA transmission, in which the UE shall perform the latest UE-specific TA estimation. Instead, we think it would be reasonable to leave for UE implementation as long as the estimated TA can meet a pre-defined accuracy. 
Proposal 2: It is left for UE implementation to decide when to perform TA self-estimation. 

2.3. TA adjustment for Msg3

In the last meeting, we have discussed and agreed the TA determination for Msg1 and MsgA. In this section we discuss the TA determination for Msg3. In legacy system, when the UE receives a RAR message, it will adjust the TA for Msg3, where the TA adjustment is specified as 
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, where NTA_old is specified as a current TA value according to TS 38.213. In fact, in TN system, the current TA value is clear in TN system as it is indeed identical to the TA value used for Msg1/MsgA, because the UE does not need to perform self-estimation. However, moving to NTN system, it is worthy clarifying the definition of the current TA value or the definition of  NTA_old. One option is to follow the legacy TN system definition, that is NTA_old is the lastest value used for Msg1/MsgA TA, which obviously would not be suitable for NTN system.  In the other option, the current TA value NTA_old is the latest determined self-estimated TA prior to the Msg3 transmission occasion. 
Proposal 3: For Msg3 TA adjustment, NTA_old is the latest determined self-estimated TA prior to the Msg3 transmission occasion. 
2.4. TA maintenance for connected UE 

Although many previous meeting discussions were focused on the idle UE or inactive UE, it is not very clear how the connected UE shall maintain the TA in the connected phase. From our viewpoint, as the UE has already the capability to support TA self-estimation, it is absolutely reasonable to continue let UE benefit from this capability. It is to say that the UE shall continue maintaining the correct UE-specific TA tracking on the service link. The gNB can still use MAC-CE to adjust the necessary TA error, if needed. This is rather the same as the Msg3 TA adjustment, which shares a same mechanism as in the connected phase.  
Proposal 4: Connect UE shall rely on its capability for track UE-specific TA variation on the service link. gNB can further adjust the TA following legacy MAC-CE mechanism.
2.5. Frequency synchronization

In this section, we discuss the frequency synchronization. In last meeting, it was agreed that the connected UE, idle UE or inactive UE shall be capable of supporting self-estimation on frequency shift for the service link. Thus, the frequency synchronization shall take advantage this UE capacity. In the figure 2, where two UEs are receiving downlink signals from the gNB. We assume that the gNB is transmitting downlink signal at a reference frequency or a nominal frequency for downlink; while the UEs’s nominal frequency for receiving the downlink signal is denoted by Rx_f. Naturally, there is a frequency error between the gNB and UE’s nominal frequency, which is denoted by f4 in the figure. When a UE receives the downlink reference signal, the UE can estimate the frequency shift between frequency at which the downlink signal arrives and the Rx_f, and the frequency shift is denoted by f3. However, if the UE directly applies f3 as a pre-compensation w.r.t. the Tx_f, which is a UE uplink nominal frequency, the uplink frequency between different UEs cannot be synchronized, leading to a severe orthogonality issue among UEs. From this example, we observe that only pre-compensate for residual Doppler shift is not working due to large UE-specific Doppler shift on service link. Thus, UE has to pre-compensate for UE-specific service link Doppler shift. But for doing so, the UE needs to know gNB_f_ul frequency.
Observation 2: for frequency synchornization, UE only pre-compensates residual frequency shift for uplink may introduce orthogonality issue with different UE. 
An efficient way is that the UE shall pre-compensate UE-specific service link Doppler shift. But for doing so, the UE needs to know gNB downlink nominal frequency. In practice, the UE does not need to know exactly where the gNB nomimal frequency is. Instead, the UE may assume that: 

gNB_f_dl=Rx_f+/-f3-f2+f1,
where Rx_f+/-f3 is determined from DL reference signal, f2 is the UE-specific Doppler shift on the service link, whichi is determined from the satellite ephemeris; f1 is a common frequency pre-compensation possibly performed on the gNB side, which can be indicated by the gNB. Once the UE determines the gNB_f_dl, the UE can perform a pre-compensation for the uplink transmission by f2 w.r.t. gNB_f_ul. With this the orthogonality can be maintained among UEs. 
Proposal 5: for uplink frequency synchronization, a UE shall pre-compensate the UE-specific Doppler shift on service link w.r.t a gNB’s uplink nominal frequency. 
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Fig. 2: frequency synchronization example
3. Conclusion

In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. The following observations and proposals were made, e.g. 

Observation 1: 
legacy TA granularity may burden the system information overhead. 
Observation 2: for frequency synchornization, UE only pre-compensates residual frequency shift for uplink may introduce orthogonality issue with different UE. 
Proposal 1: 
CTA granularity is based on a multiple of 16 samples interval, e.g. N*
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, where N is for FFS. 

Proposal 2: 
It is left for UE implementation to decide when to perform TA self-estimation. 

Proposal 3:
 For Msg3 TA adjustment, NTA_old is the latest determined self-estimated TA prior to the Msg3 transmission occasion. 
Proposal 4:
 Connect UE shall rely on its capability for track UE-specific TA variation on the service link. gNB can further adjust the TA following legacy MAC-CE mechanism.
Proposal 5: 
for uplink frequency synchronization, a UE shall pre-compensate the UE-specific Doppler shift on service link w.r.t a gNB’s uplink nominal frequency. 
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