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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
With respect to NTN physical layer control procedure, RAN1#98bis made the following agreements:
Agreement:
· [bookmark: _Hlk22063355]With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot .
· When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot , the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot  (X can be determined when specifications are developed).
· If a UE receives a DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .
·  may take different values for each of the identified timing relationships that need to be modified for NTN.
In this contribution, we provide some further considerations on physical layer control procedure 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 physical layer design. As shown in TR 38.821 [1], 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
In NR Rel-15, the gNB determines the modulation scheme and coding rate according to the channel state information (CSI) reported by the UE, 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 [2], so it is rational to do prediction based on the channel status report with large scale fading.
In addition, many existing prediction methods 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. We present link level evaluation results in NTN scenarios with CSI feedback limited to CQI reporting, where ideal channel estimation and the 20ms feedback delay is assumed. The case with no prediction is used as the baseline.
[bookmark: _Ref21031893][image: ]
Figure 1 Performance comparison between normal CQI feedback and prediction-based CQI feedback
It should be noted that, a throughput enhancement can be achieved through CQI prediction at medium to high SNR range compared with the baseline where no predication is performed, with maximum gain about 10% in the medium SNR range. 
Observation 1: Prediction-based CQI feedback can provide throughput enhancement in the medium to high SNR range, with maximum gain about 10% in the medium SNR range.
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 [4], 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.
Transmission related timing
The timing for control information transmission and data transmission, have been specified in TS38.213 and TS38.214. However, the long RTD may also affect the timing in physical control procedures. To eliminate the issues, RAN1 has agreed to introduce an offset for UL transmission timing.

Figure2. Beam-specific timing offset.
[bookmark: OLE_LINK77]Since satellites in different 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 signaling, and the residual common offset shared by UE within the same beam can be obtained via beam-specific signaling. This method is especially suitable for dense beam scenarios. 
Proposal 2: A hierarchical timing offset indication mechanism can be considered in NTN.
Polarization reuse
Polarization reuse is commonly used in next-generation multi-beam high throughput satellite (HTS) system [5][6], where adjacent beams can employ different polarization states, i.e., RHCP and LHCP. As shown in Figure 3, a typical 4-color reuse pattern can be realized through two different polarization/frequency reuse combinations: 
· Option-1: 2 sub-bands and 2 polarizations (RHCP and LHCP)
· Option-2: 4 sub-bands without polarization reuse
Intuitively, option-1 with polarization reuse can double the network spectral efficiency compared to option-2. Besides, for cell measurement, a UE can make use of the polarization state information of a target cell such that both the interference and power consumption can be reduced. Therefore, it is beneficial to inform the UEs with the polarization state of the target NTN cell.
Proposal 3: The indication of polarization state for NTN should be supported.

Figure 3. (a) A 4-color HTS NTN system; (b) different realizations.  

Beam management
Beam management is a fundamental issue for NTN where a single satellite can be equipped with hundreds or even thousands of beams. Compared with NR, NTN exhibits the following distinct characteristics:
· Large propagation delay
· Potentially high mobility for LEO NTN
· Frequency/polarization reuse pattern 
Those characteristics can indeed, to some extent, impact the effectiveness of current NR beam management mechanism when it is directly applied to NTN. With respect to BWP configurations, only 4 BWPs can be configured for a UE in one serving cell in NR Rel-15. However, for NTN, the number of beams within one cell is quite large and it will be rather inefficient to reconfigure the 4 BWPs by RRC from time to time. Thus, it is beneficial to at least extend the number of configurable BWPs in one serving cell for NTN. In addition, as shown in Figure 4, some BWPs may share a set of common configurations (e.g. numerology, frequency location) while some other configurations (e.g. PDCCH/PDSCH, PUCCH/PUSCH related configurations) may still be BWP-specific. The polarization state for a BWP should also be configured as discussed in the previous section. 

Figure 4.  BWP configurations.  

Proposal 4: Extend the number of supported BWPs for NTN.

Conclusions
In summary, we discuss some key considerations on data transmission related procedures for NTN communication and have the following proposals: 
Observation 1: Prediction-based CQI feedback can provide throughput enhancement in the medium to high SNR range, with maximum gain about 10% in the medium SNR range.
Proposal 1: Prediction-based CSI reporting can be considered in NTN.
Proposal 2: A hierarchical timing offset indication mechanism can be considered in NTN.
Proposal 3: The indication of polarization state for NTN should be supported.
Proposal 4: Extend the number of supported BWPs for NTN.
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