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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#103-e meeting, the following agreements were achieved for UL time and frequency synchronization for NTN [3].
Agreements:
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.
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.
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.

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:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  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.
depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
 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.
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Discussion on position of reference point
The need of common TA is directly linked to the position of the reference point for time synchronization. The reference point (RP) is defined as the point where the timing alignment of uplink and downlink frames can be observed. The common TA is defined as the common component of propagation delay shared by all UEs within the cell coverage and corresponds to the Round Trip Delay (RTD) between the RP and the satellite; It is zero if the Reference Point is located at the satellite; or equal to NTN GW to satellite RTD if Reference Point is located at the NTN GW depending on the implementation.
There were 3 options considered for the common TA indication at RAN1#103e as summarized in moderator’s summary for UL synchronization in NR NTN in R1-2009697:
· RP OPTION 1: The RP is located at the gNB. Common TA indication shall be introduced.
· RP OPTION 2: The RP is located at the satellite. Common TA indication may be avoided.
· RP OPTION 3:  The RP localization is not specified and left to the implementation, i.e. network. Common TA indication shall be introduced to support all the foreseen deployment scenarios.
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Figure 1  RP OPTION 1
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Figure 2  RP OPTION 2
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Figure 3  RP OPTION 3
RP OPTION 1 should be precluded. In OPTION 1, UE will have to compensate the TA of feeder link, but without accurate information of feeder link delay. Network is required to indicate propagation delay information of feeder link, which will cause larger overhead. We believe that having RP at satellite allows to avoid signalling Common TA. RP OPTION 3 can be seen as a generic option that can be used to support all the foreseen deployment scenarios. Adopting a flexible framework is the best option to reach consensus. 
Proposal 1: RP OPTION 3 in FL summary [5] should be supported.
TA calculation at UE side
In the last RAN1 meeting, the following was discussed.  
Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  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.
depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
 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.

The following equation is preferred. The common timing offset  can have deferent time unit, the signaling design can be flexible and the expressed offset can be larger with limited bits.


Proposal 2: The equation   is proposed.
TA update in connected mode
A large timing drift will be caused by the fast motion of the satellite, especially in LEO case. The timing drift experienced by a UE can be up to 40s/s. Provided that 40µs/s timing drift exists in the worst LEO case, the requirement of the TA command transmission period is shown in Table 1. The timing drift at the satellite side should not be larger than the CP duration. Autonomous adjustment of the TA before UL transmission by the UE avoids need for frequent TA update due to satellite time drift, which will reduce signalling overhead in connected mode. Open and closed loop mechanisms for TA adjustment should be supported in NTN.
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	Numerology (u)
	0
	1
	2

	SCS (kHz)
	15
	30
	60

	CP length (us)
	4.688
	2.344
	1.172

	TA command period (ms)
	117
	58.6
	29.3


	
TA Maintenance mechanism based MAC CE is used in legacy TN system. With a large timing drift in NTN system, the mechanism solely relying on MAC-CE may not be an efficient solution. A potential enhancement is to allow DCI to update the TA adjustment.
Proposal 3: Open and closed loop mechanisms for TA adjustment should be supported in NTN. 
Proposal 4: TA Maintenance mechanism based DCI should be considered. 
Discussion on the common timing drift rate
It was agreed in RAN1#98b [4] that indication of timing drift rate by gNB to the UE is beneficial. UE with GNSS capability can only acquire TA of service link based on UE location and satellite ephemeris, while the accuracy is affected by the error of acquired ephemeris and location information. When timing drift rate is signalled by gNB, the less TA update signaling is needed.
With the indication of timing drift rate, timing adjustment upon reception of a TAC or a timing adjustment indication is as follows

where   by index values of TA=0,1,2,…,63 for a subcarrier spacing of kHz.  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 should 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 5: The common timing drift rate indicated by network should be supported.
UL frequency synchronization
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.
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	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. 
To support UE calculating pre-compensation value for UL transmission based on DL signal, it is necessary that pre-compensation value on the Doppler shift for DL transmission is signalled to UE. If the residual UL frequency offset at reference point is informed by network, UE can improve the accuracy of pre-compensation value for UL transmission based on the information.
Proposal 6: Pre-compensation value for DL frequency should be indicated by network.
Proposal 7: The residual offset value of UL frequency at the reference point should be indicated by network.
Conclusions
In this contribution, we discuss UL time and frequency synchronization for NTN, the following proposals have been made:
Proposal 1: RP OPTION 3 in FL summary [5] should be supported.
Proposal 2: The equation   is proposed.
Proposal 3: Open and closed loop mechanisms for TA adjustment should be supported in NTN. 
Proposal 4: TA Maintenance mechanism based DCI should be considered. 
Proposal 5: The common timing drift rate indicated by network should be supported.
Proposal 6: Pre-compensation value for DL frequency should be indicated by network.
Proposal 7: The residual offset value of UL frequency at the reference point should be indicated by network.
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