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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN#80, a new study item on solutions evaluation for NR to supported non-terrestrial network (NTN) was approved and the latest SI description was agreed in [1]. The SI has the following RAN1 related objectives:
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

In RAN1#97, following agreements relate to physical layer control procedures for NTN are captured in [1]:

Agreement:
The need and the applicable scenarios for potential enhancements (with respect to the power control schemes in NR Rel-15) for both open-loop and closed-loop power control for NTN are to be studied.  

Agreement:
Study the performance of AMC in NTN considering at least the following solutions (some solutions may have no specification impact):
· Prediction-based link adaptation with prediction confidence level
· AMC with CQI reflecting only long-term fading
· Additional BLER targets for CQI reporting to limit number of retransmissions and latency
· CQI offset applied by gNB
· Finer granularity of CQI
· Prediction based CQI reporting
In this contribution, we discuss the physical layer control procedures and provide our high level views on the following key topics:
· UL power control
· AMC feedback
· Beam management 

2	Discussion
2.1	UL power control
Generally, power control schemes can be described as open-loop and closed-loop. It needs to be considered whether and what schemes can be utilized for power control in NTN. This will depend on the specific networks that need to be supported for NTN. Based on the description of SI, at least the transparent GEO satellite and LEO based non-terrestrial access networks (moving beam on earth) are within the key scope of this SI and therefore, the solutions should be studied that can support such network scenarios.
One of the general issue with NTN is very high RTD time and therefore, it needs to be considered whether closed-loop mechanisms are still feasible or not. For GEO satellite, one of the main aspect is that the satellite is relatively static to earth and therefore the path loss with respect to time is slow and mostly slow fading is experienced. This would imply that even though the RTD time is high, but still the feedback to the UE could be used directly or at least utilized by combining with open-loop power control. 
The other mechanism is open-loop power control where the UE adjusts the transmission power by measured pathloss. This would be applicable in general to NTN and more in particular to LEO based NTN because they can experience pathloss changes due to the fast satellite movement even for fixed terminal, and would not be able to accurately reply on any closed-loop parameters. Enhancement of the open-loop power control was proposed, e.g. prediction based power control, UE/satellite location based power control [4][5]. At first, accuracy of Rel.15 open-loop power control should be studied for LEO.  
Proposal 1: For NTN, open-loop power control should be considered as primary use and closed-loop power control as supplementary use for both GEO and LEO satellite. Accuracy of open-loop power control especially for LEO should be studied.

2.2	AMC feedback
For terrestrial networks, AMC is one of the key component to dynamically adjust the modulation order and coding rate depending up on the latest channel conditions. This is done by feedback of an index from the appropriate CQI table and then mapping the CQI index to MCS table and applying appropriate MCS index. For NTN, similar to the problem with UL power control, the issue for AMC feedback of small scale fading is the large RTD time and as a result the feedback CQI might already be outdated and not optimal for transmission. However, for large scale fading in GEO, even with large RTD, the CQI could be applied accurately. Therefore, AMC feedback at least for large scale fading obtained by long term averaging should be supported for GEO. For LEO, the possibility of AMC feedback of relatively short term fading obtained by relatively short term averaging should not be precluded. In addition, the CQI table could be further enhanced for NTN where narrower range of SINR would be sufficient. Finer granularity in the narrower range would result in more accurate mapping of the channel conditions.
Proposal 2: For NTN, CQI table with narrower range of SINR for long term averaging for GEO and relatively short term averaging for LEO and finer granularity within that range should be studied and evaluated.

2.3	Beam management 
In NTN, beam footprint (or spot beam) created by satellite beam can be handled as either “cell” or “beam” as defined in Rel.15. In case of operation with one beam per cell, physical layer behaviour would be straightforward although more higher layer procedure are required due to frequent handover especially for LEO. In case of operation with multiple beams per cell, L1 beam management in Rel.15 should be reused as much as possible. In case of frequency reuse larger than 1, system bandwidth may be divided by multiple BWPs (bandwidth parts) and one BWP may be assigned for each beam. 
A conceptual illustration for time frequency resource for SSB, SIB and CSI-RS in case of multiple beams per cell with frequency reuse 1 is shown in Figure 1. SSB, SIB and CSI-RS are transmitted from each beam on the carrier. Beam is identified from detected SSB/CSI-RS by UE. For UE movement within a cell, Rel.15 beam management would be reused.  
Figure 2 shows the illustration for multiple beams per cell with frequency reuse 3. Each frequency is associated with BWP. SSBs and SIBs are transmitted on BWP0. Initial access UE detects SSB, read SIB and perform RACH procedure on BWP0. After transition to RRC connected, BWP corresponding to detected SSB (i.e. beam) is configured to the UE. Thereafter, UE monitors the assigned BWP. For this operation, satellite transponder needs to be able to transmit SSB/SIB on a frequency of BWP0 as well as BWP associated with the frequency. For example, beam with F2 has to transmit SSB/SIB and PDCCH/PDSCH for RACH procedure on F0. 
Figure 3 shows the illustration for one beam per cell with frequency reuse 3. SSB, SIB and CSI-RS are transmitted from each beam on the respective carrier. UE would need to make inter-frequency measurement frequently for handover in this case. Contrary to Figure 2, signal on only one carrier is transmitted by each beam. 
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[bookmark: _Ref21027894]Figure 1 multiple beams per cell (frequency reuse 1)
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[bookmark: _Ref21028204]Figure 2 multiple beams per cell (frequency reuse 3)
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[bookmark: _Ref21028812]Figure 3 one beam per cell (frequency reuse 3)

[bookmark: _GoBack]Proposal 3: It should be studied whether Rel.15 beam management and BWP operation can work reasonably for NTN scenarios. 

3	Conclusion 
Here we summarize the proposals from the sections above:
Proposal 1: For NTN, open-loop power control should be considered as primary use and closed-loop power control as supplementary use for both GEO and LEO satellite. Accuracy of open-loop power control especially for LEO should be studied.
Proposal 2: For NTN, CQI table with narrower range of SINR for long term averaging for GEO and relatively short term averaging for LEO and finer granularity within that range should be studied and evaluated.
Proposal 3: It should be studied whether Rel.15 beam management and BWP operation can work reasonably for NTN scenarios.
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