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Introduction
In RAN meeting #82, the study item on non-terrestrial Networks (NTN) was updated priority of study [1]. Specifically:
· The focus of the Rel-16 study will be on pedestrian and on board vehicle usage-scenarios.
· The scope of the release 16 study item will be limited to key issues and solutions associated with transparent GEO satellite and LEO based non-terrestrial access network (moving beam on earth).

On physical layer, three identified objectives are [1]:
· 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.

In this contribution, we discuss enhancements of several areas in NR physical layer procedures for better support of NTN. These include CSI feedback, beam management, and UL frequency control.
[bookmark: _Ref473802466][bookmark: _Ref462669569]CSI Feedback
Due to limited number of retransmissions and long delay between ACK/NACK feedback and its associated transmission, network has limited or no scheduling flexibility to adjust the MCS to the channel quality during the retransmissions. In addition, satellite communication channels tend to be mostly line of sight and much stable. As a result, network is required and can be more efficient on channel usage based on fine granularity of MCS. The above is particularly true for GEO satellites. Considering that NR defines 15 CQI levels but up to 29 MCS for PDSCH, more than 15 CQI levels should be considered for NTN. 
Proposal 1: Consider increased CQI levels for NTN.
In NTN, depending on deployment scenarios and possibly UE capability, different maximal number of retransmissions may be applied. As a result, different target BLER per transmission is needed.
Proposal 2: Consider additional target BLER other than 1e-1 and 1e-5 for CQI reporting for NTN.


Beam Management CSI-RS
In NR, all CSI-RS resources in a beam management CSI-RS resource set are transmitted in the same frequency. By doing this, beam measurements can be carried out by UEs without frequency retuning. However, some satellite implementation may only support a fixed relationship between beams and bandwidth parts (BWPs) while others may not have this limitation. As shown in the figure below, CSI-RS resources associated with different beams may be transmitted in different BWPs or the same BWPs, depending on satellite implementation. 
For satellites that lack of frequency tunability of beams, it is still beneficial to group some or all the beams in one cell so that UE movement from one beam to another can be treated as beam switch instead of cell handover. Hence it is important to consider BM CSI-RS for these satellites.


Figure 1. Example BM CSI-RS arrangements.

[bookmark: _Hlk4704026]Proposal 3: Consider additional BM CSI-RS configurations to support different satellite implementation needs.


Conclusions
In this contribution, we have discussed several aspects in physical layer procedures and identified enhancements needed for CQI feedback, beam management CSI-RS, and UL frequency control with following proposals.
Proposal 1: Consider increased CQI levels for NTN.
Proposal 2: Consider additional target BLER other than 1e-1 and 1e-5 for CQI reporting for NTN.
Proposal 3: Consider additional BM CSI-RS configurations to support different satellite implementation needs.
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