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1. Introduction
In 3GPP RAN1 #98-bis meeting, the following agreements are made [1]:
Agreement:
W.r.t the Option 1 of a previous agreement on TA adjustment for UL transmission, the following alternatives can be considered: 
· [bookmark: _Hlk23840755]Alt-1: Compensation of the full-TA is conducted at the UE. 
· Note: Full-TA includes impact due to service link.
· FFS: impact of feeder link
· [bookmark: _Hlk23840743]Alt-2: Compensation of UE specific differential TA only is conducted at the UE.
· FFS: The reference point(s) for UE specific differential TA calculation
Agreement:
W.r.t the Option 2 of TA adjustment from a previous agreement for UL transmission in NTN, 
· Single reference point per beam for common TA calculation is considered as the baseline.
· [bookmark: OLE_LINK7]FFS: Multiple reference points per beam for common TA calculation
· In addition to the signalling of the common TA, Rel-15 signaling for UE-specific differential TA indication from BS can be considered
· [bookmark: _Hlk23841131]Extension of range (explicit or implicit) for TA indication in RAR can be considered.
· FFS: Negative values of TA
Agreement:
· If pre-compensation of timing and frequency offset is assumed (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available), existing Rel-15 PRACH formats and preamble sequences can be reused in NTN.
· FFS: Whether enhancements based on existing formats and sequences, e.g., repetitions and/or larger sub-carrier spacing may be necessary in certain conditions to ensure coverage.
· If pre-compensation of timing and frequency offset is not performed, introduction of enhanced PRACH formats and/or preamble sequences is beneficial.
· At least for the case without pre-compensation of timing and frequency offset, at least the following options for enhanced PRACH formats and/or preamble sequences can be considered:
· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number
· FFS: CP and Ncs
· Option-2: A solution based on multiple Zadoff-Chu sequences with different roots
· Option-3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding
In this contribution, the RACH, including TA adjustment, for Non-Terrestrial Networks is discussed. 
2. [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK14][bookmark: OLE_LINK13]Considerations on Timing Advance for Non-Terrestrial Networks 
[bookmark: OLE_LINK8]In the previous meeting, two options for TA acquisition have been agreed for NTN, where one is autonomous acquisition of the TA at UE side, and another is indication of common TA by network to all UEs. In last meeting, some remaining issues of two options for TA acquisition in NTN are further discussed. However, there still are some details for two options should be discussed.
2.1. On full TA compensation or UE specific differential TA compensation at UE side
First of all, with regards to the option 1 of TA adjustment for UL transmission, two Alts are considered. For Alt-1, compensation of the full-TA is conducted at UE side, the post compensated by gNB is not needed anymore. For Alt-2, compensation of UE specific differential TA only is conducted at UE side, the post compensated by gNB is needed. Compared to the Alt-1, the Alt-2 only applied to FDD systems, because it is difficult to manage the timing alignment between downlink and uplink frame at gNB side in TDD systems. Hence, considering the unified TA adjustment design of TDD and FDD systems, the Alt-1 is preferred. Furthermore, considering that if the UE cannot accurately obtain the satellite ephemeris data or UE position information, the TA adjustment would be inaccurate. So the additional adjustment mechanism should be used to assist the more precise timing adjustment.
Proposal 1: With regards to the option 1, considering the unified TA adjustment design of TDD and FDD systems, the Alt-1 is preferred.
2.2. On single or multiple reference points per beam for common TA calculation
Secondly, with regards to the option 2 of TA adjustment for UL transmission, the use cases and motivation for multiple reference points per beam for common TA calculation should be for further discussed. An intuitive use case we can considered is that the UEs within the same beam have different height, based on the height information the UE can choose one reference point to calculate the common TA from the multiple reference points which broadcast by gNB. However, it is not certain whether the UE can get the height information, if not, how does the UE select the reference point that matches its height. Furthermore, the gNB broadcast multiple reference points per beam may lead to the higher signaling overhead. Hence, if there is no clear application scenario and motivation, there is no need to support multiple reference points per beam for common TA calculation. 
[bookmark: OLE_LINK11]Specifically, for the single reference point per beam for common TA indication, the location of reference point can be the beam center, and the common TA can be periodically broadcast to UE. For the extension of range for TA indication in RAR, it is more reasonable to support negative value range for TA in RAR due to the different locations of UE from the reference location. In addition, the positive and negative TA values can be used to compensation the TA of different height UEs within the same beam.
Proposal 2: With regards to the option 2, only the single reference point per beam for common TA calculation is supported, and the reference point for common TA calculation is the beam/cell center.
Proposal 3: For the extension of range for TA indication in RAR, the negative value is supported.
2.3. On TA indication in RAR
The UE shall have the capability to follow the frame timing change of the reference cell in connected state. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.
In Rel-15, TA pre-compensation at UE side is not considered, resulting  for PRACH is defined as 0. Furthermore, in case of random access response, a timing advance command, , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  kHz is

However, in order to support TA pre-compensation mechanism at UE side, the legacy TA processing procedure needs minor update for NTN.
First,  for PRACH (termed as ) is not 0 anymore. Instead, it should be determined as full TA for option 1 (i.e., UE can autonomously acquisition of the TA with known location and satellite ephemeris), or common TA for option 2 (i.e., gNB indicates common TA to all users within the coverage of the same beam via SIB/MIB), as following,

Secondly, in case of random access response, two equivalent alternatives can be considered to update ,
· Alt 1:

· Alt 2:

where  denotes TA command in RAR with negative value supported, and  denotes scaling factor to extending TA indication range.
Proposal 4: for PRACH is determined as full TA for option 1, or common TA for option 2.
Proposal 5: Two equivalent alternatives can be considered to update  in case of random access response:
· Alt 1: 
· Alt 2: 
where  denotes TA command in RAR with negative value supported, and  denotes scaling factor to extending TA indication range.
3. Considerations on RACH for Non-Terrestrial Networks 
In NTN, the potential differential delay and Doppler shift are expected to be very large. The current RACH, targeting at the maximal velocity at 500km/h, may not satisfy the access requirement for NTN. Thus, it is necessary to consider whether enhancement for RACH is needed or not. 
Besides the delay, the Doppler shift would have great impacts on the RACH simultaneously. The Doppler shift would be small if open loop frequency compensation (pre-compensation) is used assuming UE location and the satellite’s track are known at the UE side. Otherwise, the absolute Doppler shift would be very large due to ultra-high speed of the satellite, which is 7.5622 km/s for LEO at 600km [2]. 
Here, we consider the case that no frequency pre-compensation is used for UL transmission, that a beam-specific common frequency offset is post-compensated at the receive side (i.e., the gNB). The common Doppler shift is computed based the reference point as the beam center. Then, UE specific residual frequency offset would be the key factor for the RACH performance. According to the document our company submitted in the last meeting[2], we can see that the maximal UE specific residue Doppler shift reaches nearly 7.5kHz at 2GHz, which is much beyond of the current capability of NR PRACH. The existing NR PRACH design is failed to support the application in NTN.Thus, the RACH enhancement needs to be considered for such case. In last meeting, some companies provide the analysis for max differential delay and Doppler shift, but the results are not consistent due to the different assumptions. As the values are the key factors for PRACH format design in the following WI, we proposal that unified values for each use case need to be reached in this meeting.
Observation: RACH needs to be enhanced if no pre-compensation of frequency is used. The values for the max differential delay and max differential Doppler are not consistent.
Proposal 6: Open loop frequency compensation solution needs to be studied, including using UE’s location & satellite’s track or utilizing DL signal.
Proposal 7: Unified values of max differential delay and max differential Doppler for each use case need to be reached, and the results are captured in the TR.
In order to address the larger Doppler offset and larger differential delay in NTN, the repetition of PRACH sequence can be used in the PRACH design to improve the UL coverage. At the received side, sliding reception widow or multiple fixed reception window can be considered for the detection algorithm design. Except for the preamble design with single root ZC sequence, the two root/multiple root ZC sequence and m/golden sequence could be considered to improve the UL preamble detection. The further performance evaluation is needed to assist the PRACH design.  
Proposal 8: The PRACH enhancement is supported, considering PRACH format, the preamble sequence (single root, two/multiple ZC sequence or m/golden sequence ), and the corresponding receive algorithm with sliding or multiple fixed reception window.
4. Conclusion
In this contribution, we have presented some considerations on timing advance for NTN. The following proposals are given:
[bookmark: OLE_LINK1]Proposal 1: With regards to the option 1, considering the unified TA adjustment design of TDD and FDD systems,  the Alt-1 is preferred.
Proposal 2: With regards to the option 2, only the single reference point per beam for common TA calculation is supported, and the reference point for common TA calculation is the beam/cell center.
Proposal 3: For the extension of range for TA indication in RAR, the negative value is supported.
Observation: RACH needs to be enhanced if no pre-compensation of frequency is used. The values for the max differential delay and max differential Doppler are not consistent.
Proposal 4: for PRACH is determined as full TA for option 1, or common TA for option 2.
Proposal 5: Two equivalent alternatives can be considered to update  in case of random access response:
· Alt 1: 
· Alt 2: 
where  denotes TA command in RAR with negative value supported, and  denotes scaling factor to extending TA indication range.
Proposal 6: Open loop frequency compensation solution needs to be studied, including using UE’s location & satellite’s track or utilizing DL signal.
Proposal 7: Unified values of max differential delay and max differential Doppler for each use case need to be reached, and the results are captured in the TR.
Proposal 8: The PRACH enhancement is supported, considering PRACH format, the preamble sequence (single root, two/multiple ZC sequence or m/golden sequence ), and the corresponding receive algorithm with sliding or multiple fixed reception window.
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