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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
RAN#80 approved a new SI on solution evaluation for NR to support Non-Terrestrial Network [1]. The objectives of the SI for physical layer is reported as follows. 
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.

With respect to NTN physical layer control procedure, RAN1#98 made the following agreements:
Agreement:
For UL transmission timing, introduce an offset Koffset  for NR NTN.
· For UL HARQ-ACK on PUCCH, where HARQ ACK on PUCCH is transmitted on slot n + K1 + Koffset when a scheduling DCI is received in slot n.
· For UL transmission on PUSCH, where PUSCH is transmitted on slot  when a scheduling DCI is received in slot n.
· For CSI transmission on PUSCH, where CSI on PUSCH is transmitted on slot n +K+Koffset, when the DCI with CSI request is received in slot n and K is selected by the DCI.
· For a CSI report in uplink slot n’, the CSI reference resource is given in downlink slot n-nCSI_ref, where  and nCSI_ref is as defined in 38.214.
· Koffset  is per beam or per-cell 
· FFS: Whether Koffset is derived from broadcast information or is signaled by higher layers

In this contribution, we provide some further considerations on physical layer control for NTN. 

Discussion
The long round-trip delay (RTD), large Doppler shift and variation are of the main characteristics in NTN that need be specifically considered in the system design. As shown in TR 38.821 [2], NTN should deal with maximum RTD (propagation delay only) up to 541ms, and the maximum user equipment (UE) speed can be up to 1000 km/h. Considering these two key characteristics in NTN, the physical layer control procedures shall be re-evaluated, including adaptive modulation and coding (AMC), UL power control, HARQ procedure and transmission related timing.
Adaptive modulation and coding
AMC is one of the most key techniques to cope with the dynamic fading of wireless channels. In NR Rel-15, the gNB determines the modulation scheme and coding rate according to the channel state information (CSI) reported by the UE in the uplink, maximizing the throughput while maintaining the target BLER performance of the transmission. 
However, due to the long RTD, the CSI feedback in NTN cannot be obtained in time, which limits the performance of the AMC to some extent. So it makes sense to consider prediction-based AMC scheduling. One study shows that in certain scenario, e.g. GEO, the CSI calculated based on downlink reference signal (RS) with large scale fading does not differ very much with small scale fading [3], so it is rational to do prediction based on the channel status report with large scale fading.
In addition, many existing prediction methods with different prediction ability have been studied in terrestrial system [4]. To guarantee link adaption performance in NTN, a proper model for prediction and method for generating approximate result to do prediction shall be re-considered, which depends on implementation. 
Proposal 1: Prediction-based CSI reporting can be considered in NTN.

UL power control
To mitigate large scale shadowing and long distance path loss in NTN communication, a power control scheme is essential. Generally, uplink power control includes two components:
· Open loop control
In the open loop control scheme, UE compensates UL path loss based on DL RSRP measurements, it can be deployed without any system-wide consideration and additional resource, but the power control accuracy is a major concern;
· Closed-loop control
For the closed-loop scheme, UE receives power control command from NTN gNB and modifies transmission power to compensate the path loss for uplink. As defined in 38.213, the UE determines the PUSCH transmission power as follows:

where  is closed-loop related indication by DCI. 
As discussed in [5], the near far effect is not significant in NTN, e.g., the pathloss difference between beam center and beam edge is very small. However, the closed-loop power control may still be useful to correct other impairment such as UE power setting error etc. Therefore, closed-loop control scheme is still needed for NTN.

HARQ procedure
HARQ is a combination of high-rate forward error-correcting coding and ARQ error-control. With HARQ, the data transmission becomes more reliable and efficient. In NTN, the HARQ procedure shall be re-designed to accommodate the challenge of long RTD. 
Many considerations and challenges of HARQ design are mentioned in previous proposals. Because simply increasing the number of HARQ processes linearly maybe not be feasible due to the restriction of UE’s memory and limited processing capabilities, a new HARQ scheme including pre-active scheme shall be evaluated [6]. In many contributions, disabling HARQ has also been considered as an option, consequently, detailed HARQ disabling schemes and potential challenges brought to upper layer protocols need to be studied [6]. 

Transmission related timing
The timing for control information transmission and data transmission, have been specified in 38.212 and 38.214. However, the long RTD may also affect the timing in physical control procedures. To eliminate the issues, RAN1 has agreed to introduce a constant timing offset for UL transmission timing.

Figure1 Beam-specific timing offset
[bookmark: OLE_LINK77]Since satellites in difference orbits may cover an area from several hundred to thousand kilometers in diameter, depending on the relative position between UE and satellite, the required timing offset may be different. Cell/Beam-specific offset seems reasonable. From signaling overhead perspective, a hierarchical indication can be considered, the overall offset consists of cell-specific offset and beam-specific offset, the common offset shared by all the beams belonging to the same cell can be obtained via cell-specific parameters, and the residual common offset shared by UE within the same beam can be obtained via beam-specific parameters. This method is especially suitable for dense beam scenarios. 
[bookmark: _GoBack]The aforementioned offset can be obtained and updated in different ways, including: 1) inferred by satellite and directly notified in broadcast information/high layer signaling; 2) calculated by UE (with capability of positioning) based on relative position with satellite and reported to satellite. Obviously, signalling overhead and implementation complexity on UE side are different. Therefore, new design which compromises the merits of these options is worth evaluated, e.g., providing a coarse offset by signalling at cell level and a fine offset by calculation at beam level.
Proposal 2: A hierarchical timing offset in transmission related timing to be considered in NTN.

Conclusions
In summary, we discuss some key considerations on data transmission related procedures for NTN communication and have the following proposals: 
Proposal 1: Prediction-based CSI reporting can be considered in NTN.
Proposal 2: A hierarchical timing offset in transmission related timing to be considered in NTN.
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