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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction

The objective related to NTN is as following:
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

And RAN1 related part is as following:
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

The description in TR 38.821 is as following:

With consideration on the larger cell coverage, long round trip time (RTT) and high Doppler, enhancements are considered to ensure the performance for timing and frequency synchronization for UL transmission. 
[image: ]
Figure 6.3.4-1: Illustration of the TA components in NTN (For simplicity, TA offset  is not plotted.)
For the timing advance (TA) in the initial access and the subsequent TA maintenance, the following solutions are identified with an illustration of the definition of terminology given in Figure 6.3.4-1:
●	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. 
Moreover, indication of timing drift rate, from the network to UE, is also supported to enable the TA adjustment at UE side.
For calculation of common TA in the above two options, single reference point per beam is considered as the baseline. Whether and how to support the multiple reference points can be further discussed in the normative work.

In this contribution, we discuss the issues for TA indication. 
2 Discussion
For LEO, the associated footprint for a UE will change from time to time as the moving of satellite shown in Fig 1. If different footprints are associated with different cells, frequent handover will happen, which will cause large signalling overhead and latency. Consequently, it is proposed in the SI phase that different footprints are associated with different beams, so physical layer beam management procedure can be adopted, and signalling overhead and latency can be reduced. An example association between footprint and cell/beam is shown in Fig 1. Four footprints are associated with SSB#1/2/3/4 of same PCI#1.


Fig 1. Association between footprint and cell/beam
There are two types of TA indication in SI discussion [2]. One is full TA indication and another is TA indicated by common TA and differential TA. Considering the large propagation delay in NTN scenario and signalling overhead, we prefer the second option. Common TA depends on the position of the satellite and a reference point in a footprint, and the differential TA depends on the UE’s position within the footprint. As different footprints are associated with different beams, we prefer per beam common TA indication. When the associated footprints for a UE changes due to satellite moving, the common TA should also be updated and informed to the UE.
Proposal 1: Common TA is indicated per beam.
For RACH procedure, the UE transmits preamble with a TA, and the TA can be derived by UE itself with location information. The TA can be the full TA reported to eNB in Msg3, or the TA can be a common TA selected from a common TA set configured by SIB, and the common TA is associated with a RO/SSB index.
After the RACH procedure, the beam is associated with a SSB/CSI-RS resource index. Common TA and SSB/CSI-RS resource index association can be maintained at both gNB and UE side. And common TA value can be implicitly indicated to UE by indication of SSB/CSI-RS resource index.
There may be overlapping among different UL transmissions (e.g. PUSCH and SRS in a same slot) or there may be some UL transmission without associated SSB/CSI-RS resource index, e.g. configured grant PUSCH. In this case, a default common TA value or a latest common TA value or a common TA value with highest priority can be adopted. 
[bookmark: _Hlk46327728]Proposal 2: Common TA value is implicitly indicated by SSB/CSI-RS resource index.
Proposal 3: When there is contradiction among common TA value for uplink transmission, a default common TA value or a latest common TA value can be used.
[bookmark: _GoBack]If the reference point is not the nearest point in a footprint, negative differential TA will be necessary to generate a correct full TA. For an NTN footprint, the range of the differential TA value depends on the coverage size of the footprint. No matter positive TA only or both positive TA and negative TA, the range of TA values are same. So if negative TA is introduced, the only spec work is a new mapping relationship between the indicated TA index and the actual TA value to be adopted. It is simple and acceptable. And negative TA may be introduced in the IAB WI, so we prefer a common framework for TA design to introduce both positive TA and negative TA.
Proposal 4: Negative TA is supported with a new mapping relationship.
There is also discussion in SI phase on whether single reference point or multiple reference points is adopted for NTN network. In our opinion, it depends on the range and number of UEs within the footprint. Single reference point is simpler from signalling point of view. And if single reference point can satisfy the service requirement of UEs associated with a footprint, support single reference point is preferred, otherwise, multiple reference points can be studied and considered.
Proposal 5: Single reference point is baseline. Multiple reference points can be FFS.
3 Conclusion
In this contribution, we discussed the issues related to TA in NTN network, and our proposals are as following:
Proposal 1: Common TA is indicated per beam.
Proposal 2: Common TA value is implicitly indicated by SSB/CSI-RS resource index.
Proposal 3: When there is contradiction among common TA value for uplink transmission, a default common TA value or a latest common TA value can be used.
Proposal 4: Negative TA is supported with a new mapping relationship.
Proposal 5: Single reference point is baseline. Multiple reference points can be FFS.
4 References
RP-201256, RANP#88e, “Solutions for NR to support non-terrestrial networks (NTN)”
TR 38.821 v16.0.0
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"--Reference Point -

+  Common TA (Tcom) = 2*Do/c +  Common TA (Tcom) = 2*(Do1+ D02)/c
*  UE specific differential TA for xth UE (TUEx) = 2*(D1x-D0)/c *  UE specific differential TA for xth UE (TUEx) = 2*(D1x-Do1)/c
*  Full TA (Tfull) = Tcom + TUEx *  Full TA (Tfull) = Tcom + TUEx

(a) Regenerative payload (a) Transparent payload
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