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1 Introduction
In RAN1 #97, the following physical layer control procedure were agreed [1]:
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In this contribution, we provide our views on physical layer control procedures and doppler compensation.
This contribution is revised to R1-1906829 [2].
2 Discussion on physical layer control procedures
The long propagation delay between the gNB and the UE is one of the phenomena that requires careful consideration when adapting NR to accommodate NTN.  
From TR 38.811[3], the one-way delay between the UE and the gNB can have a wide range for example 1.52ms (for HAPS), 14.204 ms (for NGEO satellites), 135.28ms (for GEO in which the DU is on the satellite), 272ms (for bent-pipe GEO satellite).  Compared to terrestrial cellular one-way delays of the order of less than 0.05ms, these are so large that any physical layer control procedures that comprise handshaking between the UE and gNB and which also need fast response times may not be feasible. 
In this contribution, we discuss our views with regards to 3 such physical layer control procedures namely: power control, adaptive modulation and coding and doppler compensation.

2.1 Power control
It is desirable for maximum coverage for the UE to transmit in the UL with a power level that after propagation losses will reach the gNB well within its sensitivity level so that the UE’s transmissions can be decoded. In terrestrial cellular, closed-loop power control procedures are used to ensure that on the one hand the UE is transmitting with adequate power and on the other hand it is not transmitting with excessive power. Excessive power will cause interference for other UE uplinks and also quickly drain the battery of the UE concerned. The transmit power level in power control procedures is set in accordance with the path loss between the UE and the gNB. This path loss changes for a NGEO satellites as they describe their orbit. Especially, whether there is a direct line of sight (LOS) or not (NLOS) from the UE to the satellite affects the path loss. For example, NLOS reception in a rural scenario at 90° elevation angle, incurs both the path loss and an additional clutter loss (CL) of about 16dB. Although LOS communication probability in NTN is higher than in terrestrial networks, some UEs could happen to measure RSRP in NLOS state because NGEO satellite moves in orbit at very high speed. If measured RSRP is too low because of NLOS reception, the affected UE transmit power would be adjusted to very high value because of the perceived high path loss. However, since the NGEO satellite is moving in orbit, it is possible that by the time of the PUSCH transmission, the UE will have LOS to the satellite. If the UE then transmits PUSCH with higher than necessary transmit power while in LOS of the satellite, this will cause large interference for other UE uplinks. Therefore, power control especially for NGEO scenario should be studied. As one solution, the UE can calculate its transmit power level based on the satellite ephemeris in NGEO scenario. UE can then predict path loss from the position of satellite and the UE. After prediction, the UE can figure out appropriate transmit power from the predicted path loss.
Proposal 1: Power control procedure based on using the using satellite ephemeris should be studied.
2.2 Adaptive modulation and coding
In RAN1#97, we agreed to study adaptive modulation and coding which includes prediction-based link adaptation and CQI enhancement. In this section, we consider the adaptive modulation and coding for non-terrestrial network.
In non-terrestrial networks, cell coverage being 100~1000km in diameter is larger than in terrestrial networks. This means that a significantly larger number of UEs could be served in one cell. Especially for NGEO satellite case, the channel quality is likely to change every second because of high speed orbital movement of the NGEO satellite. Therefore periodic CSI feedback and SRS transmission would be needed. However, large number of UEs which are served in one cell use these resources. This causes large control signalling and reference signal transmission overhead.

To resolve this issue, prediction-based link adaptation would be effective for non-terrestrial networks. Since the satellite moves around a known orbit (according to its ephemeris information), the gNB and UE can predict path loss from the position of satellite and the UE. After prediction, the gNB and UE can figure out appropriate transmission parameter settings from the predicted path loss. Furthermore, prediction-based link adaptation can avoid the one-way delay of channel state information feedback or reference signal transmission thereby reducing the resources for CSI feedback and reference signal. This means that it can reduce latency and improve frequency utilization efficiency.
To predict the pathloss, gNB and UE need to each have information related to the position of the UE and the satellite. For the uplink, gNB provides information of the satellite orbit, altitude and velocity to the UE. Then, the UE can get its own position for example from GNSS, positioning reference signals or other signals from the gNB. With this information, the UE can predict its distance from the satellite or gNB and then the path loss, and then transmit the uplink data with transmission parameters commensurate with the predicted path loss. For the downlink, the UE needs to report its position to the gNB. The gNB can predict the path loss from this report taking into account the satellite orbit, altitude and velocity. The requirements of this procedure are that the positions of both the satellite and UE are known at both the UE and the gNB. The position of the satellite can either be provided by the gNB or calculated from the ephemeris of the satellite. 
Proposal 2: RAN1 should support prediction-based link adaptation using information related to the position of gNB and UE.

In RAN1 #97, Network disabling of HARQ via RRC configuration was agreed. When HARQ is disabled, reliability will be reduced because of no retransmission. Therefore, first transmission when HARQ is disabled should be transmitted with lower target BLER than when HARQ is enabled to maintain reliability. In order to maintain reliability when HARQ is disabled, enhancement of CQI reporting and/or MCS should be supported. In addition, repetition transmission can increase reliability. So, repetition transmission should be studied for increasing reliability.
Proposal 3: Enhancement of CQI reporting and/or MCS should be supported.
Proposal 4: Repetition transmission should be studied.
3 Discussion on impact of residual Doppler on downlink synchronisation
In [1], link layer simulation parameters for DL synchronization evaluation were agreed. It was previously agreed that majority of the doppler shift due to satellite orbital movement may be pre-compensated for the DL and post-compensated for the UL at the satellite. Table 1 summarises the agreed DL synchronization evaluation parameters with respect to the residual doppler shift after this pre- or post-compensation foe Scenarios C2 and D2 at S-band for a 2GHz carrier frequency. 
We carried out some simulations for DL synchronisation using the agreed simulation parameters. In these simulations, we did not consider the frequency offsets due to oscillator inaccuracies both at the satellite and UEs. We also assumed a stationary UE. Apart from these, all other agreed simulation parameters were used. In the simulations we assessed the BLER of PBCH decoding. 

	Spot beam width (km)
	Orbital height (km)
	Residual Doppler (ppm)
	Residual Doppler (Hz)

	50
	600
	1.05
	2100

	90
	600
	1.88
	3760

	90
	1200
	0.91
	1820

	190
	1200
	1.91
	3820


The results of the simulations are plotted in Figure 1(a) and (b) for 30kHz and 30kHz SCS for the SSB respectively. Results for 300Hz and 100Hz residual doppler are also shown.
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 (a) BLER with 15kHz SCS




(b) BLER with 30kHz SCS

Figure 1: PBCH BLER Performance with SCS: (a) 15kHz, (b) 30kHz

The results suggest that for 2GHz carrier frequency (FR1) even 30kHz subcarrier spacing is too narrow for adequate PBCH reception performance. 
Observation 1: The residual doppler after pre/post-compensation may still be too high for PBCH reception with 30kHz SCS.
Proposal 5: RAN1 should consider allowing the use of higher SCS for the SSB in FR1 for NTN.
4 Conclusions
In this contribution, we have discussed physical layer control procedures (power control and adaptive modulation and coding) and Doppler compensation for NTN. The following observations and proposals are made:
Proposal 1: Power control procedure based on using the using satellite ephemeris should be studied.
Proposal 2: RAN1 should support prediction-based link adaptation using information related to the position of gNB and UE.

Proposal 3: Enhance of CQI reporting and/or MCS should be supported.
Proposal 4: Repetition transmission should be studied.

Observation 1: The residual doppler after pre/post-compensation is still too high for PBCH reception with 30kHz SCS.

Proposal 5: RAN1 should consider allowing the use of higher SCS for the SSB in FR1.
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Agreement:


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.  





Agreement:


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





Agreement:


Network disabling of HARQ via RRC configuration should be supported. 


FFS: Dynamic disabling of HARQ by gNB.
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