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Introduction
A RAN3-led Study Item on Rel-16 enhancements for NR-NTN was approved at RAN Plenary #80 [1]. The study item phase has identified range of expected values for the Round Trip Time (RTT) for the considered NR-NTN deployment scenarios [2, 3]. Solutions in the satellite and the UE will be required to compensate and correct the impact of RTT during initial NR-NTN cell acces, where the transmission timing can be most significant.
RAN1#98 made agreement
For UL transmission timing, introduce an offset Koffset  for NR NTN.
· [bookmark: _GoBack]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
This contribution aims to discuss Physical layer control procedure in NR-NTN.
[bookmark: _Ref481671177]
Discussion on UL Power control for NTN
Table 1 shows examples of UL link budget for LEO and GEO NTN scenarios. Set 1 parameters in Table X.1 and parameters for UE characteristics in Table X.3 in TR 38.811 were used for the link budget calculations. Details calculation can be found in contribution on link budget in [1]. Higher SNR can be observed with lower UL channel bandwidth. This can be explained by the fact that the UE can use all its power (23 dBm in LEO S band with handheld and 33 dBm in GEO Ka band with VSAT).  Though the SNR range is operational, the UE will need to transmit at close to maximum power. The gNB may schedule UL grant with a relatively higher MCS for transmission with the lower channel bandwidth as they experience a relatively higher SNR at the receiver. 
Note that the link budget may be improved by better satellite figure of merit G/T or better UE antenna gain. The parameters used in the link budget analysis are typical in legacy satellite constellation. New satellite constellation may have improved parameters. However, we do not believe that this would change very significantly the observations and main conclusion.
	LEO=600 km, S band, UL SNR

	Elevation angle
	30 degrees
	90 degrees

	180 kHz
	4.94
	10.01 

	 1 MHz 
	-2.04
	3.02

	10 MHz
	-12.45
	-7.38

	LEO=600 km, Ka band, UL

	Elevation angle
	30 degrees
	90 degrees

	180 kHz
	9.32
	14.39

	10 MHz
	2.33
	7.40

	 50 MHz
	-8.07
	-3.01

	GEO=35786 km, Ka band, UL

	Elevation angle
	10 degrees
	90 degrees

	180 kHz
	-7.21
	-6.11


Table 1: examples of UL link budget
Table 1 suggest SNR conditions can be assumed to be beam specific – higher SNR can be expected at Nadir point than at lower elevation angles. Further, though the SNR conditions seems adequate depending on UL channel bandwidth, the UE has limited or no power headroom. With long RTD the effectiveness of closed-loop UL power control is questionable. For transmit power command (TPC) via DCI some margin to account for fading, interference, and loss of line of sight should be used. For open-loop UL power control the UE can adjust transmit power by using open loop UL power control parameters such as   UE-specific and cell-specific power offset P0 and fractional compensator factor ) in transmit power formula below when accessing the NTN cell/beam or switching beam. 
The parameter power offset P0 and fractional compensator factor ) may be assumed to be beam specific and indicated via SIB in NTN. The UE may make path loss measurements and adjust its transmit power using P0 and ) parameters. In case of LEO where beam switching may happen frequently, it may not be desirable to read SIB at every beam switch to obtain the beam-specific open loop UL power control parameters. One way would be that these parameters will be indicated for a list of neighbouring beams via SIB. This may lead to higher system information as each beam may need to schedule such system information. Another way is for the UE to obtain these parameters for all the beams via configuration and select which P0 and ) parameters need to be used based on satellite ephemeris and trajectory or based on re-synchronisation (i.e. beam-specific SSB detection when switching beam). 
dBm

Observation 1: UE transmission power headroom and long RTD limits effectiveness of closed-loop UL power control.
Proposal 1: The parameter power offset P0 and fractional compensator factor ) may be assumed to be beam specific and indicated via SIB.
Proposal 2: Study of open-loop UL power control enhancements can at least consider
· Configuration of beam specific power offset  P0 and fractional compensator ) parameters
· UE-based selection of beam specific power offset  P0 and fractional compensator ) parameters for UL transmission power

Discussion on CSI for NTN 
As there is a strong LOS in satellite channel, it seems reasonable to assume rank 1 transmission (i.e. one layer only) and CSI consist of CQI report only. There is no need for RI or PMI. The satellite RTT can be 14 ms for regenerative payload and 28 ms for transparent payload in LEO, and as long as 500 ms in GEO. The latency in the DCI trigger / activation of aperiodic / semi-persistent CSI report may reduce the effectiveness of closed loop CSI/AMC, as it can be expected that the channel changes before the CSI report can be generated and reported. The gNB may have good knowledge of the satellite ephemeris and trajectory at any time. If the gNB could predict the mismatch between the CSI measurement and report mismatch with the channel condition at the time of the transmission it could make better decision when selecting MCS. It is not clear how the gNB could do such prediction of the mismatch and how it can correct it. UEs within coverage of a beam may be in different positions and experience different environment. 
It was shown in [5] that averaging the channel likely results in pessimistic CSI and thus throughput degrades for highly dispersive channels. Take as an example LEO = 600 km. The coherence time can be roughly determined as 0.2*1/maximum frequency Doppler = 0.2 / 3.7 kHz = 54 us. The CSI feedback delay is 2*RTD=2*28 ms = 56 ms assuming transparent payload. During that time the channel may change, the LOS assumption may change depending on surrounding building, hills, the interference from other transmissions in adjacent beams may change, and so on. All these things may impact CQI report in ways that cannot be simply predicted.    
With the above considerations, it seems the effectiveness of CSI feedback is ineffective and likely to result in throughput loss. Another way is to not have CSI report at all. This should not be an issue as for example NB-IoT is a radio access technology that does not have CSI report and still allows eNB to schedule MCS based on UL A/N. A similar way could be used in NR-NTN. A higher incidence of UL NACK would suggest that a lower MCS is needed; a lower incidence would indicate a higher MCS is possible. The UL A/N may follow some deterministic trend depending on trajectory of the beam and UE falling out of coverage of a beam (assuming LEO). It cannot be assumed that the UL A/N can be predicted with high accuracy for the same reasons as the CSI report cannot be predicted with high accuracy as discussed above. However, using open loop link adaptation based on UL A/N does not require UE measurements and does not incur CSI report overhead. 
For GEO, it can be assumed that the beam is not moving. The CQI report effectiveness will likely not be adequate as the RTD can be in the order of half a second. As shown in [5], significant loss of throughput due to mismatch for the MSC selection can be assumed even for low mobility UEs.
Observation 2: As there is a strong LOS in satellite channel, rank 1 transmission (i.e. one layer only) can be assumed and CSI consist of CQI report only. There is no RI or PMI.
Observation 3: The CSI measurement and CQI report mismatch with the channel condition at the time of the transmission is likely to result in wrong MCS selected by the gNB.
Observation 4: Open loop link adaptation based on UL A/N does not require UE measurements and does not incur CSI report overhead.
Proposal 3: Open-loop link adaptation based on UL A/N is baseline for NTN

Conclusion
In this contribution, we discussed physical layer control procedures. We made the following observations and proposals
Discussion on UL Power control for NTN
Observation 1: UE transmission power headroom limits effective closed-loop power control.
Proposal 1: Study open-loop UL power control enhancements for NR NTN.
Discussion on CSI for NTN
Observation 2: As there is a strong LOS in satellite channel, rank 1 transmission (i.e. one layer only) can be assumed and CSI consist of CQI report only. There is no RI or PMI.
Observation 3: The CSI measurement and CQI report mismatch with the channel condition at the time of the transmission is likely to result in wrong MCS selected by the gNB.
Observation 4: Open loop link adaptation based on UL A/N does not require UE measurements and does not incur CSI report overhead.
Proposal 3: Open-loop link adaptation based on UL A/N is baseline for NTN
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