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1. Introduction
At the RAN#80 meeting the new study item on Non Terrestrial Networks (NTN) was agreed [1], the study item description document can be found in [2]. Objectives of the study item related to physical layer are copied below. 
	Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· 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 this contribution physical layer control procedures for NTN are discussed including UL power control and CSI feedback procedure.
2. Discussion
2.1. CSI feedback
[bookmark: _GoBack]NR CSI framework was designed to support CSI feedback for CSI acquisition and beam management. It supports variety of DL transmission strategies and antenna architectures at the gNB, flexible channel and interference measurements. Many CSI features are designed to support very advanced DL transmission schemes for terrestrial cellular networks like SU/MU-MIMO with up to 32 antenna ports at the gNB. In our view not all the supported NR CSI features are applicable for NTN. RAN1 study should be focused on subset of NR CSI features which are needed to enable support of NTN. 
NR CSI feedback includes different CSI report quantities such as CRI, RI, PMI, LI and CQI for CSI acquisition and CRI, SSB index and RSRP for beam management. In this paragraph applicability of each CSI report quantity for NTN is discussed. 
· PMI is needed to assist precoding operation for DL data transmission. While precoding is a promising technology to enable interference suppression with aggressive (full) frequency reuse for satellite communicational systems, initial effort to support NTN in 3GPP RAN1 should be focused on the basic functionality. Enhanced features like precoding can be considered as the next step. 
· RI is needed to provide gNB with information on the recommended number of spatial layers for DL transmission (rank of transmission). Due to specific characteristic of satellite-to-earth channel (signal propagation with dominant LOS ray) spatial multiplexing with up to two layers carried on orthogonal polarizations is supported for NTN. Hence, RI reporting limited to rank 2 can be considered for NTN. 
· LI is needed to indicate preferred spatial layer for PT-RS transmission. Since only up to two spatial layers are supported, 1 bit LI reporting can be considered for NTN depending on scenario and configuration. 
· CRI and SSB index are needed to indicate CSI-RS resource or SSB preferred for DL transmission, RACH-based SSB selection is also supported by NR in case of multiple SSBs. It is considered that different CSI-RS resources and SSBs correspond to different beamforming directions of DL transmission. Since NTN uses multiple beams generated by satellite to cover different geographical areas on the earth, CRI-based beam selection can be considered for NTN. CRI can be reported together with RSRP or CQI for the selected beam.
· RSRP is needed to provide additional information to the gNB for the selected beam, so it can be considered for NTN together with CRI. 
· CQI is needed to assist link adaptation reflecting DL signal power, interference, noise and UE processing capabilities. Fast and accurate link adaptation allows to increase spectral efficiency of transmission and achieve desired BLER target. CQI reporting is one of the most important basic feature of CSI feedback, in contrast with other CSI report quantities like RI and PMI it is applicable for gNB with single antenna port. So, CQI reporting should be considered for NTN with high importance. 
Observation 1:
· CQI reporting should be considered for NTN to support fast and accurate link adaptation
· RI and LI reporting can be considered for NTN if gNB and UE support rank 2 DL transmission
· CRI reporting can be considered for NTN for beam selection/reselection together with RI/CQI or RSRP
At the last RAN1 [3] meeting the following agreement was made. 
	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


All of the above solutions require initial CQI feedback for DL link adaptation. For GEO satellite NTN deployments the round trip delay is up to 544 ms. For LEO satellites the round trip delay is lower (up to 28 ms) but frequent handovers are expected due to mobility of the satellite. Considering that there is no mechanism to provide fast CSI feedback during initial access or handover in NR specification, performance of NTN might be degraded due to lack of CQI information at the gNB. Thus, we propose to study solutions for fast CQI feedback during initial access and handover. For example, CSI feedback during RACH or default configuration for aperiodic CSI reporting can be considered. 
Proposal 1: 
· Study solutions for fast CQI feedback during initial access and handover
2.2. UL power control
At the last RAN1 meeting [3] the following agreement was made on UL power control enhancements for NTN. 
	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. 


NR UL power control was designed for terrestrial cellular communicational systems and hence, does not consider specific characteristics and features of NTN such as large propagation delay and Doppler, mobility of the infrastructure's transmission equipment and UE mobility, scintillation, atmospheric absorption, rain and cloud attenuation, etc. However, flexible open-loop power control with cell-specific and UE-specific power offset P0 and fractional compensation factor α provides sufficient flexibility to achieve desired signal power level at the gNB receiver. Furthermore, UL transmission power can be adjusted in UE-specific manner and UE-group-specific manner using absolute and cumulative closed-loop power control, MCS-depended power offset. Thus, it can be concluded that NR specification provides variety of features to support different UL power control strategies. Considering that NTN supports UEs with larger UL transmission power (e.g. 20 W Tx transmit power for UE on moving platforms or building mounted devices), range of parameters of UL power control may need to be revised (e.g. for UE-specific and cell-specific power offset P0 for open-loop power control, range of absolute power adjustment command for closed-loop power control). 
Observation 2: 
· NR specification provides variety of features to support different UL power control strategies
· Range of parameters of UL power control such as UE-specific and cell-specific power offset P0 for open-loop power control, range of absolute power adjustment command for closed-loop power control might need to be revised for NTN
3. Conclusion
In this contribution physical layer control procedures for NTN are discussed including UL power control and CSI feedback. The following proposals and observations were made.
Observation 1:
· CQI reporting should be considered for NTN to support fast and accurate link adaptation
· RI and LI reporting can be considered for NTN if gNB and UE support rank 2 DL transmission
· CRI reporting can be considered for NTN for beam selection/reselection together with RI/CQI or RSRP
Proposal 1: 
· Study solutions for fast CQI feedback during initial access and handover
· E.g. CSI feedback during RACH or default configuration for aperiodic CSI reporting
Observation 2: 
· NR specification provides variety of features to support different UL power control strategies
· Range of parameters of UL power control such as UE-specific and cell-specific power offset P0 for open-loop power control, range of absolute power adjustment command for closed-loop power control might need to be revised for NTN
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