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Introduction
A revised work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#88e and the objectives are as follows [1].
The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed

The detailed objectives are to specify enhancing features to Rel-15 & Rel-16’s NR radio interface & NG-RAN as follows:

Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements [RAN1, RAN2]
· Enhancements on UL time and frequency synchronization [RAN1, RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2, RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode

This contribution is focusing on UL time and frequency synchronization for NTN.
Discussion

[bookmark: _Toc26620961][bookmark: _Toc30079773]Maintenance for UL timing advance
DL and UL frame timing relationship
With consideration on the larger cell coverage, long round trip time (RTT) in an NTN, enhancements should be considered to ensure the performance for UL timing and frequency synchronization. 
In an NTN, a UE may need to apply a large TA value that leads to a large offset in its DL and UL frame timing. Figure 1 illustrates a scenario, where the UE applies a large TA and gNB's DL and UL frame timing are aligned. Another proposed solution does not need the alignment between gNB's DL and UL frame as illustrated in Figure 2, where the UE applies a UE specific differential TA and a common TA offset in the gNB's DL and UL frame timing exists. 
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[bookmark: _Ref24051510]Figure 1. An illustration of large TA in NTN that results in a large offset in the UE's DL and UL frame timing
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[bookmark: _GoBack]Figure 2. An illustration of TA in NTN that results in a large offset in the gNB's DL and UL frame timing
For the timing advance (TA) in the initial access and the subsequent TA maintenance, the following solutions are identified in [2]:
●	Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris. 
In this way, the required TA value for UL transmission including PRACH can be calculated by the UE. The corresponding adjustment can be done, either with UE-specific differential TA or full TA consisting of UE specific differential TA and common TA. 
W.r.t the full TA compensation at the UE side, both the alignment on the UL timing among UEs and DL and UL frame timing at network side can be achieved. However, in case of satellite with transparent payload, further discussion on how to handle the impact introduced by feeder link will be conducted in normative work. Additional needs for the network to manage the timing offset between the DL and UL frame timing can be considered, if impacts introduced by feeder link is not compensated by UE in corresponding compensation.
W.r.t the UE specific differential TA only, additional indication on a single reference point should be signalled to UEs per beam/cell for achieving the UL timing alignment among UEs within the coverage of the same beam/cell. Timing offset between DL and UL frame timing at the network side should also be managed by the network regardless of the satellite payload type.
With concern on the accuracy on the self-calculated TA value at the UE side, additional TA signalling from network to UE for TA refinement, e.g., during initial access and/or TA maintenance, can be determined in the normative work.

●	Option 2: Timing advanced adjustment based on network indication
In this way, the common TA, which refers to the common component of propagation delay shared by all UEs within the coverage of same satellite beam/cell, is broadcasted by the network per satellite beam/cell. The calculation of this common TA is conducted by the network with assumption on at least a single reference point per satellite beam/cell.
The indication for UE-specific differential TA from network as the Rel-15 TA mechanism is also needed. For satisfying the larger coverage of NTN, extension of value range for TA indication in RAR, either explicitly or implicitly, is identified. Whether to support negative TA value in corresponding indication will be determined in the normative phase. 

UL timing advance
A point in the Earth surface for a given beam can be used as a reference point for TA, such that all users shall apply the common TA, and the UE specific differential TA on top of this common TA. The reference point should be informed by network. Two ways can be considered for the TA compensation in the random access procedure. One way is to apply the full TA compensation at the UE side while the other way is to apply differential TA compensation as illustrated in Figure 1 and 2 respectively. 
In terrestrial network, full TA compensation is used. So the DL subframe index is aligned with UL index at gNB side. However, in the non-terrestrial network, using full TA compensation is a bit difficult, because the propagation delay is very large, especially in GEO case. We need to think about the differential TA compensation. With this method, UE is only required to make timing advance according to differential TA. Network should take the common TA compensation, for example, gNB can receive the UL signal after a common TA.
UEs with GNSS capabilities are assumed in this WI. The round trip delay (RTD) of service link for UE/reference point can be calculated by UE according to the UE/reference point location and satellite ephemeris. So UE-specific differential TA can be acquired by the UE. In order to reduce impacts to UEs, UL timing advance should be done with UE-specific differential TA. The common TA coming from service link and feeder link should be compensated by network, and is transparent to UEs.
Proposal 1: Satellite ephemeris should be broadcasted to UEs.
Proposal 2: In order to reduce impacts to UEs, common TA compensated by network is preferred.
Proposal 3: The RTD of feeder link should be transparent to UEs.
Timing advance adjustment
UE shall have the capability of tracking the frame timing change of the serving gNB. When UE acquired position and satellite ephemeris, TA value can be calculated by itself, so the open-loop TA compensation can be used. When UE is not capable of GNSS positioning, close-loop TA compensation is critical. Network can estimate UL timing variation and indicate TA adjustment command to UE. Based on TA adjusting command from network, UL advance timing can be refined. Even if one UE is capable of GNSS positioning, close-loop compensation may be still needed. This could compensate the residual error after open-loop TA compensation.




Based on NR R15 specification, the TAC bit number after initial access is only 6, so the supported TA adjustment range is quite limited. A TA adjustment of  will be indicated by the TA command with index value of . The new TA is calculated as  [3], and the maximum TA adjustment of  can be indicated.
[bookmark: _Ref46161810][bookmark: _Ref46161781]A large timing drift will be caused by the fast motion of an satellite, especially in LEO case. The timing drift experienced by a UE can be up to 40 s/s. Provided that 40 µs/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 in the interval between two TA commands sent by gNB shall not be larger than the Cycle Prefix (CP) duration. So it is necessary that UE update TA by itself between two TA commands to cope with the large timing drift. The open loop TA adjustment value can be calculated according to UE location and satellite ephemeris.
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


	
Proposal 4: Open loop and close loop TA compensation at the UE side should be supported. 
UL frequency synchronization
For the UL frequency compensation, at least for LEO system, the following solutions are identified with consideration on the beam specific post-compensation of common frequency offset at the network side [2]:
●	Option 1: Both the estimation and pre-compensation of UE-specific frequency offset are conducted at the UE side. The acquisition of this value can be done by utilizing DL reference signals, UE location and satellite ephemeris.
●	Option 2: The required frequency offset for UL frequency compensation at least in LEO systems is indicated by the network to UE. The acquisition on this value can be done at the network side with detection of UL signals, e.g., preamble.
Indication of compensated frequency offset values by the network is also supported in case that compensation of the frequency offset is conducted by the network in the uplink and/or the downlink respectively. However, indication of Doppler drift rate is not necessary. 
In UL transmission, the beam-specific common frequency offset can be post-compensated at the network side due to the known information for satellite orbit and satellite beam centre. In this case, for the link between one UE and its geographical beam, the maximal differential frequency offset observed by this geographical beam is up to ± 180 kHz in Ka band if without Doppler compensation at UE side. However, for the links between this UE and its non-geographical beams, the maximal differential frequency offset observed by the non-geographical beams might be up to more than 2000kHz in Ka band if without Doppler compensation at UE side.  
It is necessary that parameter(s) for UL frequency offset are indicated from gNB to UE to assist UL frequency pre-compensation at UE side. Therefore, network can indicate the UE with a frequency offset. Then, the UE can correct the DL post-compensated frequency offset and UL pre-compensated frequency offset based on the indicated frequency offset. 
Proposal 5: Pre-compensation of UL frequency offset at UE side should be supported.
Proposal 6: That network send UL frequency offset value to UE should be considered.
Conclusions
In this contribution, we discuss UL time and frequency synchronization:

Proposal 1: Satellite ephemeris should be broadcasted to UEs.
Proposal 2: In order to reduce impacts to UEs, common TA compensated by network is preferred.
Proposal 3: The RTD of feeder link should be transparent to UEs.
Proposal 4: Open loop and close loop TA compensation at the UE side should be supported.
Proposal 5: Pre-compensation of UL frequency offset at UE side should be supported.
Proposal 6: That network send UL frequency offset value to UE should be considered.
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