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Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the work item description (WID) was updated in [1]. One objective is to specify uplink (UL) time and frequency synchronization enhancements for NTN. The study item phase identified issues and made recommendations on NR UL synchronization in TR 38.821 [2]. In RAN1#106 e-meeting [3], the following agreements were achieved for UL time and frequency synchronization for NTN. 
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Feeder link timing drift handling
In RAN1#106e meeting, extensive discussion were conducted on whether the feeder link timing is compensated by UE using common TA parameters,  the main concern is that the residual feeder link timing error may increase the UL synchronization requirement for NTN UE if the common TA parameters are applied in UE. Finally the following working assumption formed. 
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.
In RAN4’s reply [4], the timing error requirement for PRACH transmission or the msgA transmission is defined as Te_NTN, and Te_NTN = Te + Te_GNSS + Te_SAT, where,
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Te_SAT is the serving-satellite position estimation error
Based on RAN4’s reply, the UL synchronization requirement for NTN UE is only impact by the legacy timing error, GNSS accuracy and the serving-satellite position estimation error. In that sense, pre-compensating the feeder link delay/TA will not affect the UL timing synchronization requirement. We suggest confirm the working assumption made in last meeting.
Proposal 1: Confirm the working assumption that common TA may include parameters(s) indicating timing drift and the UE will apply common TA according to the parameters provided by the network (if any).
Common TA drift parameters & signaling
Based on the discussion in Section 2.1, the feeder link timing drift is to be compensated by the UE in case of LEO/MEO based non-terrestrial access network. To reduce the signalling overhead, it is preferred to indicate corresponding drift rate to UE to enable the autonomous adjustment. With the indication of timing drift rate, timing adjustment upon reception of a TAC or a timing adjustment indication is as follows

where   is the timing drift rate and  is the time interval from last timing adjustment indication. 
Due to the large transmission delay and timing drift, the TA value carried in the TA update signalling is outdated when it arrives at the UE side. This happens in LEO-based NTN and is more severe at low elevation angle. To address this issue, the network can pre-correct the indicated TA value with the drifted parts when it sends out the TA update signalling based on the timing drift rate and the transmission delay.    
Proposal 2: Support that common TA drift rate is indicated by network.
TA margin
In case of UE overestimates the UE-specific TA due to the UE and satellite position estimation error, TA margin is proposed. In RAN1#106e meeting, following agreements [3] were made for TA margin. As highlighted in the FL summary [5], the need of TA margin is depending on RAN4’s conclusion on timing requirements. 
Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· Option 1: PRACH transmission is delayed by 
· Option 2: TA margin can be considered and it is explicitly indicated to the UE
· Option 3: TA margin can be considered and it is included within the Common TA
· Option 4: UE handles it via implementation

When it comes to down-selection of one from the options listed within the above agreement,  it seems that companies need some time to converge and down select one of the options. This is also depending on RAN4’s conclusion on timing requirements. We will come back on this issue in the next RAN 1 meeting.
In RAN4’s reply [4], the timing error requirement for PRACH transmission or the msgA transmission is defined as Te_NTN, and Te_NTN = Te + Te_GNSS + Te_SAT, where,
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Te_SAT is the serving-satellite position estimation error
Based on RAN4’s reply, both the GNSS accuracy and satellite position estimation error are considered in Te_NTN. In that sense, the UE who meets the timing error requirement is able to send the PRACH or the MsgA targeting the center of the CP, and the TA margin is not necessary.
Observation 1, TA margin to avoid that the UE over pre-compensates its TA during RACH procedure is not necessary.
 NTN UE Time Alignment Timers
In RAN1#106e meeting, a validity duration was introduced to indicate the maximum time during which the UE can apply the satellite ephemeris without new ephemeris as following.
Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.
Whether the same timer can be used for common TA is still FFS. In our opinion, a validity timer configured for Common TA defines the maximum time during which the UE can track the Common RTD without having acquired new assistance information for Common TA calculation. The timer is restarted each time the UE acquires new assistance information such as common TA and/or common TA drift. As both the common TA timer and satellite ephemeris timer are for TA calculation, and either one of them expired will cause UL lost uplink synchronization. To reduce the UE complexity on acquiring the new satellite ephemeris and new common TA parameters, we propose to use the same validity timer for common TA. 
Proposal 3: The same validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris is applied for common TA.   
Broadcasting the position of the reference point
Based on the LS from SA1 [6], the location of GW/gNB may impact the security issue, RAN1 still need to wait for SA3’s response.
	…
Based on the understanding of the regulations, SA1 recommends that SA3 further analyse the security implications of distributing assistance information from the network that may be used to calculate the approximate physical location of the NTN-GW/gNB.
…


Frequency synchronization
Frequency synchronization for service link
In RAN1#104-e, the following conclusion was achieved for DL frequency compensation for the service link Doppler.
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.
The radial speed of NGSO satellite as seen by the UE on the service link can reach significant values. As a consequence, the Doppler shifts experienced on the service DL and UL link become critical in the NGSO scenarios [2] (cf. Table 2). DL and UL Doppler shift can be observed:
· DL RX signal at UE side is going to be affected by the un-compensated Doppler shift due to satellite mobility;
· UL RX signal at gNB side is going to be affected by the Doppler shift due to satellite mobility.
Table 2 : Max Doppler shift/drift to be supported in NTN scenarios
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21ppm (1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27 ppm/s (600km)



Since it is expected to reuse the same SSB design as per Release 15/16, Doppler shift pre-compensation on the DL is needed to help the DL synchronization at UE side. In case UEs can’t compensate for Doppler shifts experienced on both DL and UL service links, it is expected that UL frequency misalignment will be observed between the UL transmissions received at the gNB leading to critical performance losses. So the pre-compensation of the common frequency offset on DL transmission should be considered as a baseline assumption. 
Proposal 4: Pre-compensation value for DL frequency should be indicated by network.
Conclusions
In this contribution, we discuss UL time and frequency synchronization for NTN, the following proposals have been made:
Observation 1, TA margin to avoid that the UE over pre-compensates its TA during RACH procedure is not necessary.

Proposal 1: Confirm the working assumption that common TA may include parameters(s) indicating timing drift and the UE will apply common TA according to the parameters provided by the network (if any).
Proposal 2: Support that common TA drift rate is indicated by network.
[bookmark: _GoBack]Proposal 3: The same validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris is applied for common TA.   
Proposal 4: Pre-compensation value for DL frequency should be indicated by network.
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