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1 Introduction
A new Study Item (SI) on “Study on Solutions for NR to Support Non-Terrestrial Networks” was approved in RAN#80 meeting [1] and further updated in RAN#82 meeting [2] and RAN#83 meeting [3] with the considered scenarios of transparent GEO satellite and transparent/regenerative LEO satellite (moving beam on earth) for pedestrian UEs and on board vehicle UEs in NTN. 
In the RAN1#97 meeting, it has been agreed that
· 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.
· 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
In this contribution, we shared our views on uplink power control, link adaption, adaptive modulation and coding (AMC) and CSI feedback for this SI.
2 Uplink Power Control
Uplink power control scheme in LTE/NR employs a combination of open-loop and closed-loop control to adapt to the characteristics of radio propagation channel as well as overcoming inter-cell interference, thus to ensure the uplink data and signals are received with required link quality [6][7]. 
In RAN1#97, the following agreement related to UL power control was made:
· 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.  
In RAN1#98bis, the proposals related to UL power control (ULPC) from contributions are summarized in the summary document [11], and the proposed enhanced schemes should be further discussed and evaluated. 
In NTN system, the path-loss will be large due to the long propagation distance between UE and satellite, e.g., the free space path-loss will be 213.7 dB for GEO in Ka band and 182.6 dB for LEO in Ka band (uplink at 30 GHz) [8]. This radio conditions will require the use of higher UE uplink transmission power. The inter-cell interference characteristics will also be different from terrestrial network due to different beam pattern and frequency reuse scheme. According to the UL link budget analysis in NTN [11], the uplink power control is still needed, especially for VSAT UE. Therefore, the performance of the current power control scheme should be evaluated firstly considering the large path-loss and strong interference. In addition, UE position information and satellite ephemeris can be known in a NTN network, and thus the free space path-loss variations can be derived. Due to the long distance between the UE on the ground and the gNB (or transmission point) on board the satellite, the path-loss differences between all possible UE locations within the satellite spot beam are up to 10dB ~ 15dB for LEO cases and can be negligible for GEO cases; e.g., the free space path-loss will be 214.1dB, 213.7dB and 213.1dB for UE with 10°, 30°,and 90° elevation angle respectively for a GEO case in Ka band, and will be  187.7dB, 182.6 dB and 177.7dB for UE with 10°, 30°and 90° elevation angle respectively for LEO case in Ka band. Therefore, the path-loss difference among UEs at different position will not take dominant role in overall path-loss considering other attenuation factor and slow fading. Therefore, in the first step, UL power control without UE location information should be studied. 
Proposal 1: [bookmark: _Ref24157003]UL power control without UE location information should be studied in the first step.
Furthermore, the closed-loop power control mechanism dynamically adjusts the power around the open-loop operating point to track the channel variation as well as the interference level. The large propagation delay will also bring challenge for the fast power control. For different scenarios, the one-way delay can range from ~6ms to ~272ms and a round-trip delay can range from ~12ms to ~544ms. Whether uplink power control can adapt to fast fading channels and interference considering the large propagation delay for different scenarios should be studied.
Proposal 2: [bookmark: _Ref24157022]The performance of close loop power control should be studied under the different propagation delays for different NTN scenarios.
Moreover, when HARQ is disabled, one solution to guarantee the reliability is to improve the operation point, i.e., to increase the transmission power. It was agreed that the enabling / disabling of HARQ uplink retransmission could be configurable on a per UE, per HARQ process and per LCH basis [13]. The HARQ enabling/disabling can be done per TB dynamically by DCI signalling (for example HARQ process ID), the transmitted power of each TB should be fast adaptive to different HARQ type (i.e. enabling/disabling). One alternative is to use the TPC command for close loop power control to adjust the transmission power, but TPC command in current specification can support four values of [-1dB, 0dB, 1dB, 3dB] for accumulated command and four values of [-4dB, -1dB, 1dB, 4dB] for absolute command [TS38.213, Table 7.1.1-1], RAN1 should discuss and evaluate whether the step size of current specification are suitable to adjust the transmission power for different HARQ types. Another alternative is to use different power control parameters such P0 and alpha for different HARQ type (i.e. enabling/disabling). The transmission power of each packet can be calculated based on the power control formula with different sets of parameters. Therefore, the power control for different HARQ type (i.e. disabling or enabling) should also be studied.
Proposal 3: [bookmark: _Ref24157034]Use different power control parameters such P0 and alpha for different HARQ type (i.e. enabling/disabling).
3 AMC and CSI Feedback
In the downlink transmission of the terrestrial network, the UE measures the downlink channel information between its serving cell and this UE, and then reports this measurement information to the network by CSI reporting; the gNB selects MCS for downlink transmission based on CSI information from UEs, historical information, resource allocation information and so on. Compared to the terrestrial network, NTN has longer transmission delay and consequently higher reliability requirement. Therefore, the CSI information from UE might be out-of-date for MCS selection in downlink transmission at the gNB side. One of the potential solutions is that the gNB adds the CQI offset according to the historical information, for example HARQ ACK/NACK statistics, as well as long-term RSRP/RSRQ measurement information. From our point of view, it is one implementation solution to use CQI offset at the network side for MCS selection in downlink transmission and no specification impact. In the uplink transmission of the terrestrial network, the serving cell measures the uplink channel information corresponds to the UE, selects MCS for uplink transmission of this UE based on this measurement information, historical information, resource allocation information and so on, and then sends this MCS to UE by DCI signalling. The UE uses this MCS in DCI singling for corresponding uplink transmission. Therefore, it can be up to network for adaptive MCS selection in uplink transmission without specification impact.
Proposal 4: [bookmark: _Ref24157045]CQI offset applied by gNB can be used for UL/DL MCS selection in NTN without specification impact.  
As mentioned above, MCS selection at the network for UL/DL transmission is based on measurement information, historical information, resource allocation information and so on. Therefore, the prediction-based link adaptation can be completed at the network side and the UE is expected to report what this UE measures as the terrestrial network. 
Proposal 5: [bookmark: _Ref24157067]Prediction-based link adaptation can be implemented at the network side, and UE is expected to report what UE measures.  
The round-trip delay is 12.88ms for regenerative LEO @600 km, 25.76ms for transparent LEO @600 km, and 541.14ms for transparent GEO. Therefore, downlink UE scheduling in transparent/regenerative LEO might be beneficial from short-term channel measurement information, while it is probably more realistic to use long-term channel measurement information for downlink UE scheduling in transparent GEO. Short-term CQI reporting might be better than long-term CQI reporting in LEO scenario. 
Proposal 6: [bookmark: _Ref24157085]Short-term CQI reporting might be better than long-term CQI reporting in LEO scenario.
Due to the longer transmission delay in NTN, for example up to 541.46 ms in GEO, the transmission reliability in NTN is very important. One of the potential solutions for transmission reliability improvement is to use lower BLER target for MCS selection and CQI reporting. The performance needs to be evaluated if introducing new BLER target.
Proposal 7: [bookmark: _Ref24157098]Performance evaluation is needed if introducing new BLER target for MCS selection and CQI reporting.
4 Conclusions
In this contribution, we share our views on uplink power control, link adaption, AMC and CSI feedback for NTN with following proposals.
Proposal 1: UL power control without UE location information should be studied in the first step.UL power control without UE location information should be studied in the first step.
Proposal 2: The performance of close loop power control should be studied under the different propagation delays for different NTN scenarios.
Proposal 3: Use different power control parameters such P0 and alpha for different HARQ type (i.e. enabling/disabling). 
Proposal 4: CQI offset applied by gNB can be used for UL/DL MCS selection in NTN without specification impact. 
Proposal 5: Prediction-based link adaptation can be implemented at the network side, and UE is expected to report what UE measures.
Proposal 6: Short-term CQI reporting might be better than long-term CQI reporting in LEO scenario.
Proposal 7: Performance evaluation is needed if introducing new BLER target for MCS selection and CQI reporting.
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