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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 HARQ enhancement.
2 Discussion
2.1.1 Beam management
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Figure 1: Mapping between PCIs and SSB beams
During the discussion in the Rel-16, solutions for NR to support Non Terrestrial Network (NTN) was studied and the following conclusion was drawn for NTN beam management [2]:

· The rel-15/16 beam management and BWP operation are considered as baseline for NTN. Beam management and BWP operation for NTN with frequency reuse should be discussed further when specifications are developed. 

For the mapping between the PCIs and the SSB beams, multiple options have been proposed in [1] as illustrated in Figure 1. Option 1 is one PCI per SSB beam. While option 2 is one PCI for SSB beam set, e.g., a SSB beam set includes 4 SSB beam and 4 is the maximum number of supported SSBs. In option 3, only one PCI is assumed for the whole coverage of a satellite. 

For option 1, different PCIs are assumed for multiple beams. If a UE needs to switch its serving beam due to the movement of satellite and/or UE, cell level handover is required at the UE side. It will introduce much more signalling overhead and long handover latency. While for option 2, same PCI is assumed for the beams in a SSB beam set. Then with the movement of satellite and/or UE within the coverage of a SSB beam set, only beam switch procedure is required at the UE side. However, if a UE moves from the coverage of one SSB beam set to the coverage of other SSB beam set, cell level handover is required. With option 2, a combination of cell level handover and beam switch is used, and it is similar to the mobility mechanism in the Rel-15/16 TN system. With option 3, only one PCI is assumed for a satellite, which will introduce the reduction of the multiplexing gain. It is possible that there are much more UEs connecting to this cell, which may result in the shortage of C-RNTI, and thus reduce the spectrum efficiency and increase the random access collision probability.  So from our point of view, we proposed to support one PCI for a SSB beam set, i.e., Option 2.
Proposal 1: One PCI is assumed for a SSB beam set.
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Figure 2: Different BWPs for different beams
In order to reduce the interference of adjacent beams with partial coverage overlapping, it is better to use different BWPs for different beams, which can be seen in Figure 2. But it may have some problems if reusing legacy beam switching as Rel-15/16 to support the mobility between the coverage of different beams. When adjacent beams are configured with different BWP, Rel-15/16 beam switching is not workable. Because in Rel-15/16, same BWP is assumed in beam switching.
For satellite system with frequency reuse factor more than 1, it is necessary to define a new signaling to trigger BWP switching and beam switching together. Although both the field of BWP ID and TCI state are already included in the DCI format 1-1,  the same TCI states can be configured across multi-BWP in Rel-16. While for satellite sytem, different BWP is configured for adjacent beams. In this sense, it is beneficial to define a mapping between BWP and beam, or to define a parameter set ID which linking to a BWP ID and a beam ID. In this case, it can switch both the BWP and the beam by indicating a parameter set ID. With this method, the DCI size can be reduced.

Proposal 2: Solution to trigger both the BWP switch and the beam switch simultaneously need to be supported.

2.1.2 Feeder-link switch
For the transparent payload case, the total transmission delay is consist of the service link delay and the feeder link delay. Due to the high speed movement of the satellite, the fast switch of the feeder link may happen. The switch of the feeder link delay have impact on the timing relationship.
For the case that full TA compensation is applied at the UE side, UEs need to be informed of the timing change due to the feeder link switch, this will cause much signalling overhead.
For the case that differential TA compensation is applied at UE side, UEs only need to adjust its timing based on the TA offset on its service link. The timing change due to the feeder link switch can be managed at gNB side.
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Proposal 3: The change of the timing due to the switch of feeder link switch can be managed at the gNB side.
3 Conclusions

In this contribution, we present the discussion on the beam management and the feeder link switch. Based on our analysis, we have the following proposals:
Proposal 1: One PCI is assumed for a SSB beam set.
Proposal 2: Solution to trigger both the BWP switch and the beam switch simultaneously need to be supported.

Proposal 3: The change of the timing due to the switch of feeder link switch can be managed at the gNB side.
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