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1 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

In this contribution, we present the discussion on the timing relationship enhancement.
2 Discussion
During the SI, the following enhancement on the timing relationship was agreed to handle the large RTD issue:
For UL transmission timing, introduce an offset Koffset  for NR NTN.

· For UL HARQ-ACK on PUCCH, where HARQ ACK on PUCCH is transmitted on slot n + K1 + Koffset when a scheduling DCI is received in slot n.

· For UL transmission on PUSCH, where PUSCH is transmitted on slot [image: image2.png]|n - 2#pUscH—HPDCCH
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 when a scheduling DCI is received in slot n.

· For CSI transmission on PUSCH, where CSI on PUSCH is transmitted on slot n +K+Koffset, when the DCI with CSI request is received in slot n and K is selected by the DCI.
· For a CSI report in uplink slot n’, the CSI reference resource is given in downlink slot n-nCSI_ref[image: image4.png]—Koffset
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 and nCSI_ref is as defined in 38.214.
· Koffset  is per beam or per-cell 
· FFS: Whether Koffset is derived from broadcast information or is signaled by higher layers
Timing relationship options

During the SI [2], two timing relationships options are identified. The DL timing and UL timing for the gNB is aligned for option 1 as illustrated in the left part of Fig 1. In this option, UE needs to apply a large TA to compensate the propagation delay. UE applies a UE specific differential TA and gNB applies a common TA offset for option 2 as illustrated in the right part of Fig 1.

The parameter Koffset is introduced for the UL transmission timing. The configuration of the Koffset depends on the TA values. In the transparent payload case, the total transmission delay is consist of both the service link delay and feeder link delay. Option 1 requires full timing compensation while option 2 only requires a UE specific differential timing compensation at the UE side. The impact on the change of timing relationship at the UE side due to the quick movement of the satellite especially in the LEO case as well as the possible feeder link switch is less for option 2. 
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Figure 1: Illustration of two identified timing relationship options [2]
The value of Koffset is impacted by UE’s timing relationship. The TA value keeps changing especially for LEO deployment, the configured Koffset may not be able to track the change of the TA. Thus it is preferred to configure a common Koffset to the UEs. In this sense, the Koffset should be able to cover the worst case.
If UE specific differential TA compensation is used, the offset could be configured as the max differential RTT offset which is  max RTT – reference RTT, while if the full TA compensation is used, this offset is associated with max RTT. Moreover, in order to avoid introducing additional delay, the modification on the range of K1 and K2 can be considered.
For the signaling of Koffset, one alternative is to include the Koffset value in SIB while the other one alternative is to include this value in Msg2. It is preferred to have this value included in SIB.
The Koffset value is distinct for different cases. For example, in the transparent payload case, the Koffset can take a value up to tens of milliseconds for a LEO case while up to hundreds of milliseconds for a MEO case if full TA compensation is applied at the UE side. In order to have a unified signaling design, the interpretation of the configured value can be subject to different cases. Moreover for the unit of the Koffset, as the Koffset applies to several DL/UL operations which are numerology dependent, it is suggested that the Koffset is configured with the unit of millisecond.
Proposal 1: If UE-specific differential TA compensation is applied at UE side, the Koffset could be configured as the max differential RTT offset.
Proposal 2: If full TA compensation is applied at UE side, the Koffset could be configured as the max RTT.
Proposal 3: The Koffset can be transmitted in the SIB.

Proposal 4: The Koffset is configured with a unit of millisecond.
3 Conclusions

In this contribution, we present the discussion on the timing relationship for the NTN scenario. Based on our analysis, we have the following proposals:
Proposal 1: If UE-specific differential TA compensation is applied at UE side, the Koffset could be configured as the max differential RTT offset.

Proposal 2: If full TA compensation is applied at UE side, the Koffset could be configured as the max RTT.
Proposal 3: The Koffset can be transmitted in the SIB.

Proposal 4: The Koffset is configured with a unit of millisecond.
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