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RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network [1]. The objectives of the SI for physical-layer and high-layer are reported as follows respectively. 
Physical layer
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.

Layer 2 and above, and RAN architecture

· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

In this document, we provide some initial considerations on data transmission related procedures for NTN. 

Discussion
The long round-trip delay and fast moving cell are of the main physical phenomena in a satellite communication system that makes the design different from that of a terrestrial mobile system. As shown in TR 38.821 [2], NTN should deal with maximum round-trip delay (propagation delay only) up to 541ms, and the relative motion between UE and NTN platform can exceed 1000km/h. Considering these two key features in NTN communication, several data transmission related procedures shall be re-evaluated, including adaptive modulation and coding, UL power control, HARQ procedure and transmission resource scheduling.
Adaptive modulation and coding
Adaptive Modulation and Coding (AMC) is one of the most key techniques to cope with the dynamic fading of wireless channels. In 5G network, gNB determines the modulation scheme and coding rate according to the channel quality indicator (CQI) fed back by the User Equipment (UE) in the uplink, maximizing the throughput while maintaining the target BLER performance of the transmission. 
However, due to the characteristic of long round trip delay, the channel state feedback in NTN communication cannot be obtained in time, which limits the performance of the AMC to some extent. To overcome this issue, two strategies for determining the AMC of the present moment and the following adjustment can be considered. The first strategy is to directly use the channel state information (CSI) shared from neighbour NTN platform, and the second one is to utilize the channel prediction, which can be generated from the statistics of the channel state in earlier time. 
Another issue for AMC scheme is the adjustment period. Longer AMC adjustment period will deteriorate the system performance, but the benefits gained by shorter adjustment period ask for higher requirement of the feedback link. Therefore, the adjustment period requires compromise in order to achieve the optimal system performance.
Observation 1: Refined AMC scheme is necessary for NTN communication.
  UL power control
To resist large scale shadowing and long distance path loss in NTN communication, a power control scheme is essential. With a properly designed scheme implemented on the uplink, all user’s signal arrive at the NTN platform with equal average power as they move within the NTN cell, and co-channel interference can be minimized.
Generally, uplink power control can be implemented in several forms, including:
· Closed loop;
· Open loop;
For the closed-loop scheme, UE receives the feedback signal from NTN and modifies the transmitted power to compensate the path loss for uplink. In the terrestrial communication, closed-loop scheme is feasible under most conditions. However, because of the long round-trip delay, accurate closed-loop control for NTN communication is of great challenge and may be only of margin benefit. 
An alternate form of power control is an open-loop scheme, it can be deployed without any system-wide consideration and additional resource, but the power control accuracy is a major concern.
New design compromising the merits of closed loop power control and open loop power control shall be evaluated. As the satellite position at any time can be computed according to the ephemeris, it's easy to obtain the relative location between the UE and NTN platform, and determine the initial operating point for open loop power control after considering the past statistics. Furthermore, with ephemeris of all the NTN platforms, each user terminal can independently set the corresponding operating point and trigger closed loop control if necessary.
Observation 2: Uplink power control in NTN communication shall be further studied.
HARQ procedure
HARQ procedure is a combination of high-rate forward error-correcting coding and ARQ error- control. With HARQ procedure, the whole communication quality become more reliable and efficient. In NTN communication, the HARQ procedure shall be re-designed to accommodate the challenge of long round-trip delay. 
Many considerations and challenges of HARQ design are mentioned in some companies’ previous proposals [3][4]. Simply increasing the number of HARQ processes linearly maybe not feasible due to the restriction of UE’s memory and limited processing capabilities.  If use bundling or repetition scheme to reduce the HARQ process number will cause additional delay with long retransmission. Semi-static HARQ disabling and dynamic HARQ disabling procedures should be specifically designed at the PHY/MAC layers. Utilizing terrestrial dual-connectivity (DC) or multi-connectivity (MC), when the retransmission procedure is helped by terrestrial links rather than the longer delay NTN links, it needs to further study the impact on NR HARQ operation when a DC/MC with terrestrial gNB and relay-node gNB exists.
Observation 3: HARQ procedures should be further studied based on NR in NTN.

Conclusions
In summary, we discuss some key considerations on data transmission related procedures for NTN communication and have following observations: 
Observation 1: Refined AMC scheme is necessary for NTN communication.
Observation 2: Uplink power control in NTN communication shall be further studied.
Observation 3: HARQ procedures should be further studied based on NR in NTN.
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