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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, adaptive modulation and coding (AMC) and CSI feedback for this SI.
2 Uplink Power Control
2.1 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]. The open-loop power control sets a coarse operating point for the transmission PSD (power spectrum density) based on downlink path-loss estimation (RSRP measurements). The fractional power control is used in open-loop power control considering the trade-off between the received signal power and the interference to the UEs in other cells. 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. Therefore, in the last RAN1 meeting, there is the agreement on uplink power control:
· 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 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: 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: 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. Therefore, how the power control behaviour will be when HARQ is disabled should also be studied.
Proposal 3: Power control should also be studied when HARQ is disabled.
2.2 Impact of Transparent Satellite Gain on Power Control
In the transparent satellite scenario, the gNB connectivity to the UE is made through a NTN GW on Earth and the transparent payload satellite. Specifically, the NTN GW will relay the Uu interface (5G NR signal), generated by the gNB to the satellite, using the feeder link. The transparent satellite will perform an “amplify and forward” operation, which may also include frequency conversion, depending on the employed carrier frequencies for the feeder and service links. 
Figure 1 illustrates the scenario where the gNB is communicating with the UE through the transparent satellite. First the downlink Uu NR signal from the gNB is sent to the transparent satellite via the feeder link and NTN GW (XgNB(f)); the feeder link channel transfer function is represented by Hf(f). At the transparent satellite, the signal is received with potential interference If_sat(f) from other feeder link transmissions (depending on the deployment and frequency bands considered). The combined signal XgNB(f) Hf(f)+ If_sat(f) is then amplified (and potentially frequency converted) and sent to the UE on the service link, which is represented by the channel Hs(f). At the UE the received signal is potentially interfered by Is_UE(f) originating from other satellite or terrestrial transmissions (depending on the deployment and frequency bands considered). The corresponding uplink scenario is illustrated in Figure 2. 

[image: ]
[bookmark: _Ref13817952]Figure 1 Signals and radio channels for gNB to UE (downlink) communication in a transparent satellite payload scenario.
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[bookmark: _Ref13818620]Figure 2  Signals and channels for UE to gNB (uplink) communication in a transparent satellite payload scenario.
The key thing to observe is that the feeder-to-service link gain, denoted GDL(f,t) in Figure 1, may not be the same as the service-to-feeder link gain, denoted GUL(f,t) in Figure 2. Both gains are introduced by the processing on-board the satellite. Depending on the implementation complexity and signal processing capabilities on-board the satellite these gain factors can be controlled (set statically to dynamically) in various ways. The key observation is that these gain factors are ‘transparent’ to the 5G RAN (gNB) as they are part of the satellite system functionalities and not the 5GS itself. A second observation is that the “amplify and forward” processing on-board the satellite, including the feeder-to-service and service-to-feeder link gains, cannot consider any of the 5G NR Uu specific downlink/uplink signals, as these are practically ‘transparent’ to the satellite system. The above described decoupling between the satellite system and the 5G RAN generates several challenges to the correct operation of the 5G NR Uu.
[bookmark: _Hlk13821182]Observation 1: The feeder-to-service link gain and the service-to-feeder link gain may not be the same for a transparent satellite scenario and they are not directly available to 5G NR RAN.
There are many metrics, which the transparent satellite system may target to control, by adjusting the service-to-feeder link and feeder-to-service link gains described above. Some examples include:
A. Constant gain: GDL(f,t) and GUL(f,t) are fixed, but not necessarily the same. The gains are independent of the uplink and downlink signals
B. Constant Effective Isotropic Radiated Power (EIRP): The satellite transmits a constant average power on both links. Thus the GDL(f,t) and GUL(f,t) will depend on the received power XgNB(f) Hf(f)+ If_sat(f) (gNB to satellite) and XUE(f) Hs(f)+ Is_sat(f) (UE to satellite), respectively.
C. Constant Power Spectral Density: The satellite will amplify the received signal to ensure that the power per subcarrier is the same
D. Feeder link equalization. The satellite will adjust the GDL(f,t) and GUL(f,t) to remove the impact of the feeder link channel Hf(f), but not compensate for the transmission powers of the gNB (XgNB(f)) and UE (XUE(f))
These examples indicate how the gains introduced by the transparent satellite system may be adjusted, but currently it is not clear from the RAN1 and RAN2 discussions what approach will be used for NR system level evaluations.
Proposal 4: RAN1 to agree how transparent satellite gain and transmit power is configured for service and feeder links.
[bookmark: _Hlk13821454]One problem, which arises due to the use of potentially different service-to-feeder link and feeder-to-service link gains in the transparent satellite is the correct operation of the UE ULPC. In terrestrial networks the UE relies on uplink-downlink average channel path loss reciprocity when determining the uplink transmit power with OLPC. For example, PUSCH transmit power ([6] section 7.1) is defined as
dBm

The open loop power control relies on the UE compensating (by factor ) the downlink pathloss estimate . The estimate is defined as ([6] section 7.1):
= referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in [7, TS 38.215] for the reference serving cell and the higher layer filter configuration provided by QuantityConfig is defined in [12, TS 38.331] for the reference serving cell
If the UE is not configured periodic CSI-RS reception, referenceSignalPower is provided by ss-PBCH-BlockPower. If the UE is configured periodic CSI-RS reception, referenceSignalPower is provided either by ss-PBCH-BlockPower or by powerControlOffsetSS providing an offset of the CSI-RS transmission power relative to the SS/PBCH block transmission power [6, TS 38.214]. If powerControlOffsetSS is not provided to the UE, the UE assumes an offset of 0 dB.



The ss-PBCH-BlockPower is available in the Information Element ServingCellConfigCommonSIB, which is used to configure cell-specific parameters via SIB1 [10].ss-PBCH-BlockPower
Average EPRE of the resources elements that carry secondary synchronization signals in dBm that the NW used for SSB transmission

Therefore, it is observed that the PUSCH uplink power control (likewise for other uplink channels) only takes into account the downlink transmit power of the reference signals (i.e. the secondary synchronization signal). Thus, the impact of transparent satellite downlink and uplink gains GDL(f,t) and GUL(f,t) are not accounted for, which may lead to incorrect user equipment uplink transmit power.
[bookmark: _Hlk14169184]Observation 2: UE uplink transmit power control does not account for transparent satellite service-to-feeder link and feeder-to-service link gains.
A solution may be based on adjusting the UE uplink transmit power control settings using knowledge of the satellite uplink and downlink gains. Depending on how autonomously the transparent satellite adjusts its gains the gNB may either 1) query the satellite to obtain the current gain numbers or 2) adjust the satellite’s gains directly.
Having obtained the current satellite uplink and downlink gain values the gNB may then update the User Equipment uplink transmit power control settings. This can be achieved through open loop power control, e.g. by broadcasting an updated P0 (absolute or relative to current P0) in system information or dedicated RRC signaling. Alternatively, the gNB can use dedicated signaling to adjust an individual UE’s uplink power control, for example by including a new parameter, similar to the  above, in the DCI. Finally, the gNB may also target to correct the path loss estimate, by transmitting a correction factor through dedicated RRC or DCI signalling. Note that the Transmit Power Control commands, which are usually sent on dedicated DCIs, could also be sent such that all connected UEs obtain the value (group TPC commands for PUCCH/PUSCH, section 11.3 [6]). Furthermore, the transmit power control adjustments shall be applied on all uplink channels, because they are all subject to the same gains in the transparent satellite.
Proposal 5: RAN1 to study whether gNB can use information on transparent satellite uplink and downlink gains to adjust UE uplink transmit power control, for multiple channels, through broadcast or dedicated signaling.
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 6: 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 7: 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 8: 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 9: Performance evaluation is needed if introducing new BLER target for MCS selection and CQI reporting.
5 Conclusions
In this contribution, we share our views on uplink power control and CSI feedback for NTN with following proposals.
Proposal 1: 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: Power control should also be studied when HARQ is disabled.
Observation 1: The feeder-to-service link gain and the service-to-feeder link gain may not be the same for a transparent satellite scenario and they are not directly available to 5G NR RAN.
Proposal 4: RAN1 to agree how transparent satellite gain and transmit power is configured for service and feeder links.
Observation 2: UE uplink transmit power control does not account for transparent satellite service-to-feeder link and feeder-to-service link gains.
Proposal 5: RAN1 to study whether gNB can use information on transparent satellite uplink and downlink gains to adjust UE uplink transmit power control, for multiple channels, through broadcast or dedicated signaling.
Proposal 6: CQI offset applied by gNB can be used for UL/DL MCS selection in NTN without specification impact.  
Proposal 7: Prediction-based link adaptation can be implemented at the network side, and UE is expected to report what UE measures.  
Proposal 8: Short-term CQI reporting might be better than long-term CQI reporting in LEO scenario.
Proposal 9: Performance evaluation is needed if introducing new BLER target for MCS selection and CQI reporting.
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