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1. Introduction
A new work item on non-terrestrial networks (NTN) was approved in RAN#86 meeting [1], with the following objectives: 
	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.


The detailed objectives in RAN1 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


In this contribution, we will discuss on timing advance for NTN, including TA compensation, extension of the TA value in RAR, and TA indication in RAR.
2. [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Considerations on Timing Advance for Non-Terrestrial Networks 
Based on the 3GPP TR 38.821 [2], two options for TA acquisition have been studied for NTN as following
· [bookmark: _Hlk46692971]Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris;
· Option 2: Timing advanced adjustment based on network indication.
Note that Option 2 applies for the UE without GNSS, or with GNSS but the GNSS location information can NOT be used for pre-compensation of timing and frequency offset.
[bookmark: _Hlk46695951]In our opinion, both options should be discussed and supported since any UE capability (i.e., GNSS location information can or can NOT be used for pre-compensation of timing and frequency offset) can NOT be precluded.
Proposal 1: Both Option 1 (Autonomous acquisition of the TA at UE) and Option 2 (Timing advanced adjustment based on network indication) should be discussed and supported.

However, for TA acquisition in NTN, there still have some details for two options should be discussed.
2.1. On full TA compensation or UE specific differential TA compensation at UE side for Option 1
W.r.t. Option 1 of TA adjustment for UL transmission, two alternatives are considered as following:
· [bookmark: _Hlk31983799]Alt-1: Compensation of the full-TA is conducted at UE side, the post compensated by gNB is not needed anymore. In this case, DL and UL frame timing alignment can be achieved at gNB side, while a large TA DL and UL frame timing offset (which is equal to full TA) exists at UE side;
· Alt-2: Compensation of UE specific differential TA only conducted at UE side, the post compensated by gNB is needed. In this case, both gNB side and UE side can NOT keep DL and UL frame timing aligned.
In order to support TDD duplex mode in HAPS and ATG scenario, Alt-1 is preferred since it can keep DL and UL frame timing aligned at gNB side just like terrestrial network, which may simplify gNB’s design. On the contrary, Alt-2 can only applied to FDD systems, since it is difficult to manage the timing alignment between DL and UL frame at gNB side in TDD systems.


Figure 1: Illustration of the TA components in NTN in case of satellite
Furthermore, in the case of satellite with regenerative payload as shown in Figure 1 (a), no additional network indication is needed for Alt-1 since UE x can autonomously determine the distance between the satellite and itself (denotes as ). However, additional network indication may be needed for Alt 2 depending on whether the reference point’s location deviates from the satellite:
· Alt-2a in regenerative payload case: UE specific differential TA compensation at UE side, where the reference point is co-located with the satellite. In this case, no additional network indication is needed, however, a large DL and UL frame timing offset (which is about half of full TA) exists at both gNB side and UE side;
· Alt-2b in regenerative payload case: UE specific differential TA compensation at UE side, with additional network indication of reference point location related information (e.g., reference point’s location or the distance between the satellite and the reference point ), where the reference point is located nearly in the centre of a spot beam. In this case, both gNB side and UE side can NOT keep DL and UL frame timing aligned, and a large DL and UL frame timing offset (which is about full TA) exists at gNB side, and a small DL and UL frame timing offset exists at UE side. However, the benefit of smaller TA value at UE side is unclear.
Compared with Alt-1, Alt-2a and Alt-2b in regenerative payload case, Alt-1 requires no additional network indication overhead, and it can keep DL and UL frame timing aligned at gNB side to simplify gNB’s design. So Alt 1 (i.e., full TA compensation at UE side) is preferred for both TDD and FDD duplex mode.
Proposal 2: W.r.t. Option 1 (Autonomous acquisition of the TA at UE) in regenerative payload case, Alt 1 (i.e., full TA compensation at UE side) is preferred for both TDD and FDD duplex mode, since it requires no additional network indication overhead, and it can keep DL and UL frame timing aligned at gNB side to simplify gNB’s design.

[bookmark: _Hlk46693787]Nevertheless, in the case of satellite with transparent payload as shown in Figure 1 (b), additional network indication is needed for Alt-1 since the UE can NOT autonomously determine full TA without any knowledge of gateway’s location. On the contrary, like regenerative payload case, additional network indication may be needed for Alt 2 depending on whether the reference point’s location deviates from the satellite. Therefore,
· Alt-1 in transparent payload case: Full TA compensation at UE side, with additional network indication of gateway location related information (e.g., gateway’s location or the distance between the satellite and the gateway ). In this case, DL and UL frame timing alignment can be achieved at gNB side, while a large TA DL and UL frame timing offset (which is equal to full TA) exists at UE side;
· Alt-2a in transparent payload case: UE specific differential TA compensation at UE side, where the reference point is co-located with the satellite. In this case, no additional network indication is needed, however, a large DL and UL frame timing offset (which is about half of full TA) exists at both gNB side and UE side;
· Alt-2b in transparent payload case: UE specific differential TA compensation at UE side, with additional network indication of reference point location related information (e.g., reference point’s location or the distance between the satellite and the reference point ), where the reference point is located nearly in the centre of a spot beam. In this case, both gNB side and UE side can NOT keep DL and UL frame timing aligned, and a large DL and UL frame timing offset (which is about full TA) exists at gNB side, and a small DL and UL frame timing offset exists at UE side. However, the benefit of smaller TA value at UE side is unclear.
Compared with Alt-1, Alt-2a and Alt-2b in transparent payload case, Alt-1 is preferred for both TDD and FDD duplex mode since it can keep DL and UL frame timing aligned at gNB side to simplify gNB’s design, while Alt-2a can be considered in FDD only mode since it does not require additional network indication overhead.
Proposal 3: W.r.t. Option 1 (Autonomous acquisition of the TA at UE) in transparent payload case, Alt 1 (i.e., full TA compensation at UE side) with additional network indication of gateway related information (e.g., gateway’s location or the distance between the satellite and the gateway) is preferred for both TDD and FDD duplex mode, since it can keep DL and UL frame timing aligned at gNB side to simplify gNB’s design.
Proposal 4: W.r.t. Option 1 (Autonomous acquisition of the TA at UE) in transparent payload case, Alt 2a (i.e., UE specific differential TA compensation at UE side, where the reference point is co-located with the satellite) can be considered for FDD only mode, since it can minimum network indication overhead.



Figure 2: Illustration of ATG network.
W.r.t. ATG scenario, it can be assumed that on-board ATG terminal equips with GNSS, and the GNSS information can be used for pre-compensation of timing and frequency offset, just like Option 1 in NTN. Nevertheless, ATG terminal needs to know the location of ATG gNB, but not satellite ephemeris. So it is preferred to broadcast the position of ATG gNB to enable autonomous acquisition of the TA at UE. Consider that some regional may have prohibition on broadcasting accurate base station position, broadcasting of coarse position of gNB or gateway with [x m] random error can be considered. More detailed discussion can be found in our company’s contribution [3].
Proposal 5: W.r.t. autonomous acquisition of the TA at UE, broadcasting of the [coarse] location of gNB via system information is suggested to support ATG scenario.
· FFS. [x m] random error between accurate position and broadcasted position.
2.2. On single or multiple reference points per beam for common TA calculation for Option 2
[bookmark: OLE_LINK3][bookmark: OLE_LINK5]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 to 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. 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. 
Proposal 6: With regards to the option 2, only the single reference point per beam for common TA calculation is supported, the reference point for common TA calculation is the beam/cell center, and the common TA can be periodically broadcast to UE. 
2.3. [bookmark: OLE_LINK8]Extension of the TA index value in RAR
In NR, the TA index value is an integer between 0 and 3846, and via 12-bit timing advance command (TAC) field in RAR indicator to UE. In order to satisfy the larger coverage of NTN, extension of TA index value range for TA indication in RAR is identified. It is more reasonable to support negative value range for TA 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 7: For the extension of the TA value range, the negative TA value is supported.
2.4. [bookmark: OLE_LINK10]On update 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.
[bookmark: OLE_LINK6]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, where .
Proposal 8: for PRACH is determined as full TA for option 1, or common TA for option 2.
Proposal 9: 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. Conclusion
In this contribution, we have presented some considerations on timing advance for NTN. The following proposals are given:
[bookmark: OLE_LINK1]Proposal 1: Both Option 1 (Autonomous acquisition of the TA at UE) and Option 2 (Timing advanced adjustment based on network indication) should be discussed and supported.
Proposal 2: W.r.t. Option 1 (Autonomous acquisition of the TA at UE) in regenerative payload case, Alt 1 (i.e., full TA compensation at UE side) is preferred for both TDD and FDD duplex mode, since it requires no additional network indication overhead, and it can keep DL and UL frame timing aligned at gNB side to simplify gNB’s design.
Proposal 3: W.r.t. Option 1 (Autonomous acquisition of the TA at UE) in transparent payload case, Alt 1 (i.e., full TA compensation at UE side) with additional network indication of gateway related information (e.g., gateway’s location or the distance between the satellite and the gateway) is preferred for both TDD and FDD duplex mode, since it can keep DL and UL frame timing aligned at gNB side to simplify gNB’s design.
Proposal 4: W.r.t. Option 1 (Autonomous acquisition of the TA at UE) in transparent payload case, Alt 2a (i.e., UE specific differential TA compensation at UE side, where the reference point is co-located with the satellite) can be considered for FDD only mode, since it can minimum network indication overhead.
Proposal 5: W.r.t. autonomous acquisition of the TA at UE, broadcasting of the [coarse] location of gNB via system information is suggested to support ATG scenario.
· FFS. [x m] random error between accurate position and broadcasted position.
Proposal 6: With regards to the option 2, only the single reference point per beam for common TA calculation is supported, the reference point for common TA calculation is the beam/cell center, and the common TA can be periodically broadcast to UE.
Proposal 7: For the extension of the TA value range, the negative TA value is supported.
Proposal 8: for PRACH is determined as full TA for option 1, or common TA for option 2.
Proposal 9: 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.
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