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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) is 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#102-e meeting, the following agreements were achieved for UL time and frequency synchronization for NTN [3].
Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network
Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· Option 2: The User specific TA is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
· FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)
[bookmark: _Toc26620961][bookmark: _Toc30079773]UL timing synchronization
Compensated TA at the UE side
In TR 38.821 in SI phase, the reference point was the specific point within the cell coverage, considered as the criterion for the UE to acquire common TA, as shown in Figure 1. As stated in TR38.821, full TA=common TA+ UE specific differential TA. If UE compensates the UE specific differential TA, gNB will compensates the common TA. If full TA is compensated by the UE, then common TA can be indicated, if not, no need to indicate the common TA. In our view, UE is only responsible to UE specific differential TA compensation. If the reference point is set in ground, gNB will compensate the feeder link delay+ a part of service link delay. If the reference point is set in satellite, gNB will compensate the feeder link delay only. In both cases, common TA is not needed to indicate to UEs.
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[bookmark: _Ref52129742][bookmark: _Hlk25088882]Figure 1 Illustration of the TA components in NTN (TA offset  is not plotted)
In RAN1#102-e meeting, the reference point is defined as the point w.r.t. which the initial TA before PRACH transmission is computed at the UE side. In [4], 3 options regarding the RP definition have been identified as shown in Figure 2~Figure 4.
•	RP Option 1 : RP is located at the gNB. Common TA indication shall be introduced.
•	RP Option 2 : RP is located at the satellite. Common TA indication may be avoided.
•	RP Option 3 : RP localization is left to the implementation. Common TA indication shall be introduced to support all the foreseen deployment scenarios.
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[bookmark: _Ref52129756]Figure 2 RP OPTION 1
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Figure 3 RP OPTION 2
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[bookmark: _Ref52129765]Figure 4 RP OPTION 3


The terminology (e.g., common TA, reference point) in FL summary [4] is different to the terminology in TR 38.821. Therefore, we think that it is better to define the terminology (e.g., common TA, reference point) in NTN discussion.
Proposal 1: Reference point and common TA definitions that are different to TR 38.821 should be clarified.  
For LEO, the feeder link delay varies and option 1 and option 2 does not work well. The RP location is left for network implementation in RP option 3. It can support unified design with range of indicated common TA from 0 (e.g., corresponding to Option-2) to X (e.g., corresponding to Option-1). RP option 3 in FL summary [4] is preferred.
Proposal 2: RP option 3 in FL summary [4] should be supported.
Proposal 3: In order to reduce impacts to UEs, common TA compensated by network is preferred.
[bookmark: _Toc49365040]TA Maintenance procedure
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.
[bookmark: _Ref52129833]Table 1 Requirement of the TA command transmission period in the LEO case (600km)
	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 the A large timing drift in NTN system, solely relying on MAC-CE may not be an efficient solution. A potential enhancement is to allow DCI to update the TA adjustment.
Proposal 4: Open and closed loop mechanisms for TA adjustment should be supported in NTN. 
Proposal 5: TA Maintenance mechanism based DCI should be considered. 
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.
[bookmark: _Ref31191427]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. 
To assist UEs calculating pre-compensation value for UL transmission, pre-compensation value on the Doppler shift for DL transmission should be signalled to UEs. In order to reduce UEs complexity, pre-compensation and post-compensation of Doppler shift of feeder link should be implemented by network, and transparent to UEs.
Proposal 6: Both pre-compensation and post-compensation on the Doppler shift for DL and UL transmission should be supported.
Proposal 7: Pre-compensation value on the Doppler shift for DL transmission should be signalled to UEs.
Proposal 8: Pre-compensation and post-compensation on the Doppler shift of the feeder link should be transparent to UEs.
Conclusions
In this contribution, we discuss UL time and frequency synchronization for NTN, the following proposals have been made:
Proposal 1: Reference point and common TA definitions that are different to TR 38.821 should be clarified.  
Proposal 2: RP option 3 in FL summary [4] should be supported.
Proposal 3: In order to reduce impacts to UEs, common TA compensated by network is preferred.
Proposal 4: Open and closed loop mechanisms for TA adjustment should be supported in NTN. 
Proposal 5: TA Maintenance mechanism based DCI should be considered. 
Proposal 6: Both pre-compensation and post-compensation on the Doppler shift for DL and UL transmission should be supported.
Proposal 7: Pre-compensation value on the Doppler shift for DL transmission should be signalled to UEs
Proposal 8: Pre-compensation and post-compensation on the Doppler shift of the feeder link should be transparent to UEs.
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+  Common TA (Tcom) = 2*Do/c +  Common TA (Tcom) = 2*(Do1+ D02)/c
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