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Introduction
In the RAN1#104e 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_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control

[bookmark: _GoBack]Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control

Conclusion:
It is up to RAN4 to decide whether interruptions or measurement gaps are required for GNSS measurements during NTN operation


Agreement: 
RAN1 should send an LS to RAN4 with the following questions: 
Question 1: RAN1 would like to ask RAN4, to indicate what are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: RAN1 would like to ask RAN4, to indicate what are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State

Conclusion:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.

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. 

Discussion
TA calculation
The timing advance (TA) for an uplink can apply the following formula, which consists of four terms. 

The term NTA can be assumed to be zero for the PRACH transmission during the initial access, and it can be further adjusted by RAR or TAC from MAC-CE. 
NTA,UE-specific is a UE-specific TA which covers the round trip time of the service link, i.e. between the UE and the NTN satellite. 
NTA,common is a common TA indicated by the network, which refers to a RTT between the NTN satellite and a reference point. The reference point location is decided by the network and the UE does not need to make any assumption on the RP position. When the common TA is not provided by the network, UE assumes NTA,common=0. 
NTA,offset is a cell-specific offset, which can contain TA margin if it is identified to be necessary. Detailed value of NTA,offset can take RAN4 input into account. 

Proposal 1: apply TA as , where
· NTA is adjusted by RAR or TAC from MAC-CE
· NTA,UE-specific is a UE-specific TA estimated based on NTN satellite ephemeris
· NTA,common is a common TA indicated by the network
· NTA,offset is a cell-specific offset
Proposal 2: When the common TA is not provided by the network, UE assumes NTA,common=0.
Proposal 3: NTA,offset should factor in TA margin. 
TA updating 
The TA can be updated from time to time by either network or UE itself. For network triggered TA updating, the following should be considered. 
TA updating by TAC from MAC-CE

When the TA is updated by MAC-CE, similar to TN system, the term NTA takes the indicated adjustment from TAC, i.e. NTA_new = NTA_old + adjustment, where the adjustment is and TA is the TAC indication in the range of [0, 63]. 
TA updating by RAR

When the TA is updated by RAR, the term NTA takes the indicated adjustment from RAR. In NTN system, the NTA updating can be the same as TA updating by TAC, i.e. NTA_new = NTA_old + adjustment, assuming NTA_old=0. The adjustment is and the TA is the RAR TAC indication in the range of [0, 3846]. 
TA updating by drift rate
When the TA is updated by drift rate, the term NTA,common is to adjusted by a drift rate. The drift rate is provided by the network, e.g. NTA,common_new= NTA,common_old + drift rate * t. 
TA updating by UE specific estimation
Finally, the TA updating can be triggered by UE itself, in this case, the term NTA,UE-specific is to be adjusted by UE self-estimation based on NTN satellite ephemeris. 



Proposal 4: TA updating by MAC-CE or RAR can have the following relationship NTA_new = NTA_old + adjustment, where for TA updated by MAC-CE, the adjustment is and TA is the TAC indication in the range of [0, 63]; for TA updated by RAR, the adjustment is and the TA is the RAR TAC indication in the range of [0, 3846].

Proposal 5: the network indicated common TA can be updated by a drift rate, e.g. NTA,common_new= NTA,common_old + drift rate * t
Frequency pre-compensation
IIn 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.
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 6: 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. 
[image: ]
Fig. 2: frequency synchronization example

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. 
Proposal 1: apply TA as , where
· NTA is adjusted by RAR or TAC from MAC-CE
· NTA,UE-specific is a UE-specific TA estimated based on NTN satellite ephemeris
· NTA,common is a common TA indicated by the network
· NTA,offset is a cell-specific offset
Proposal 2: When the common TA is not provided by the network, UE assumes NTA,common=0.
Proposal 3: NTA,offset should factor in TA margin. 


Proposal 4: TA updating by MAC-CE or RAR can have the following relationship NTA_new = NTA_old + adjustment, where for TA updated by MAC-CE, the adjustment is and TA is the TAC indication in the range of [0, 63]; for TA updated by RAR, the adjustment is and the TA is the RAR TAC indication in the range of [0, 3846].

Proposal 5: the network indicated common TA can be updated by a drift rate, e.g. NTA,common_new= NTA,common_old + drift rate * t
Proposal 6: 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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