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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#104-bis-e meeting, the following agreements were achieved for UL time and frequency synchronization for NTN [3]. 
Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 
Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.
Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
FFS: The field size for each parameter
FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
FFS: Whether down-selection is needed or both sets are supported
Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.
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Discussion on the common TA
The intention of a common timing offset is to implicitly define the point where DL/UL frame alignment can be observed. The exact location and definition of the reference point would be an internal matter to the network. According to [2], the maximum RTD of feeder link and service link is 270.73ms for GEO, 20.89ms for LEO-1200 and 12.89 ms for LEO-600. If the reference point is assumed at the gNB, NTA,common compensates the full feeder link delay, and then NTA,common has to assume values which are approximately these durations. With the granularity Tc, NTA,common would have to assume relatively large integer values, e.g., 532280000 (29bits) , 4107 0000 (26bits) and 25340000 (25bits). Required bit numbers for the common TA expression in different granularities are shown in Table 1. To avoid large signalling overhead, an alternative approach is to allow for a timing offset between UL and DL frame timing which is managed by the gNB. Such an offset will appear if all UEs in a cell are using the same common TA which is not necessarily identical to the true feeder link RTD. Since it will identically apply to all uplink transmissions in a cell, ISI among UEs is avoided. With consideration on the tradeoff between accuracy and signalling overhead, the large granularity of   i.e.  is preferred. 
Proposal 1: With consideration on the signalling overhead, the large granularity of  i.e.  is preferred. 
[bookmark: _Ref68248710][bookmark: _Ref68248704]Table 1  Required bit number for common TA expression
	Scenarios
	GEO based NTN
	LEO-1200
	LEO-600

	Max RTD on the feeder link
	270.73 ms
	20.89 ms (1200km)
	12.89 ms

	Required bit number (granularity is )
	29
	26
	25

	Required bit number (granularity is )
	22
	19
	18

	Required bit number (granularity is )
	19
	16
	15

	Required bit number (granularity is )
	18
	15
	14

	Required bit number (granularity is )
	17
	14
	13



[bookmark: OLE_LINK1][bookmark: OLE_LINK2] is a common timing offset to be applied by the UE to deal with the RTD from the reference point to the satellite. There are 3 options for the common TA discussed in RAN1#103e meeting and summarized in moderator’s summary document 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.
When RP OPTION 1 is used, the UE 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. Configuring RP at satellite allows to avoid broadcasting the 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. At least RP OPTION 2 shouldn’t be precluded. With the consideration to supporting RP option 2, the UE should assume that   , when it is not broadcasted.
Proposal 2: When the common TA is not broadcasted by network, the UE should assume that    .
Discussion on the common timing drift rate
It was agreed in RAN1#98b [5] that indication of timing drift rate by gNB to the UE is beneficial. In the LEO cases, the variation of propagation timing for feeder link will lead to time-variant TA adjustment value. To reduce the signalling overhead, it’s 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 3: The common timing drift rate indicated by network should be supported.
Discussion on frequency synchronization on the service link
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.
[bookmark: _Ref31191427]Table 9 : 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. 
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 4: Pre-compensation value for DL frequency should be indicated by network.
Proposal 5: The residual offset value of UL frequency at the reference point should be indicated by network.
Discussion on frequency synchronization on the feeder link
The maximal one-way Doppler is about 24 ppm in the feeder link.  Since a much higher carrier frequency can be used in the feeder link than in the service link, requiring a UE to compensate feeder link Doppler may not be feasible. For instance, the two-way Doppler in a feeder link with carrier frequency 20 GHz will have a maximal Doppler of 24ppm x 2x 20 GHz= 0.96 MHz. To compensate such a large Doppler in the service link in S band is challenge. Compensation of feeder link Doppler by UE can impose significant implementation complexity and may not be feasible. It is more efficient to have network compensate Doppler in the feeder link in a way transparent to UE.
Proposal 6: The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a way transparent to UE.
Conclusions
In this contribution, we discuss UL time and frequency synchronization for NTN, the following proposals have been made:
Proposal 1: With consideration on the signalling overhead, the large granularity of  i.e.  is preferred. 
Proposal 2: When the common TA is not broadcasted by network, the UE should assume that    .
Proposal 3: The common timing drift rate indicated by network should be supported.
Proposal 4: Pre-compensation value for DL frequency should be indicated by network.
Proposal 5: The residual offset value of UL frequency at the reference point should be indicated by network.
Proposal 6: The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a way transparent to UE.
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