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1 Introduction
According to the Non-Terrestrial Network (NTN) SID [1], the SI contains the following objective regarding physical layer related to NTN:

 SHAPE  \* MERGEFORMAT 



In this contribution, we provide our views on physical layer control procedures and doppler compensation.
2 Discussion on physical layer control procedures
The long propagation delays between the gNB and the UE is one of the physical phenomena that requires careful consideration when adapting NR to accommodate NTN.  

From TR 38.811[2], 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 2 such physical layer control procedures namely: power control and link adaptation.

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 distance between the UE and the gNB. This distance changes for a NGEO satellites as they describe their orbit. With the large propagation delay between the gNB and the UE, closed-loop power control response times may be too slow. NTN should therefore adopt open-loop power control and study procedures for adapting the power. An example procedure is that for its UL transmissions, the UE selects a power level commensurate with RSRP measurements it has taken on DL signals. Between RSRP measurement intervals, the UE updates its transmit power level based on calculations of the changes in the distance to the satellite using the satellite ephemeris.
Proposal 1: RAN1 should study methods of open-loop power control for NTN.
2.2 Link adaptation
Link adaptation is a key technique in mobile communication. In terrestrial networks, the gNB decides the transmission parameters (MCS, the number of resources and others) according to channel quality. To figure out the channel quality, gNB needs channel state information feedback or reference signal from UE. From these signals received from the UE, the gNB can determine suitable transmission parameter settings. In terrestrial networks, since the one-way delay between the UE and the gNB is very short, the channel quality is unlikely to be significantly different between the time the gNB receives the feedback signal from which it derives the transmission parameter settings and the time data is transmitted. This is not the case in non-terrestrial networks wherein one-way delay between the UE and the gNB is relatively longer. Therefore, if the transmission parameter settings were determined from feedback signals from the UE, it is highly likely that channel quality at the time of data transmission would be significantly different from that determined from the feedback signals. This is likely to cause failure of data transmission because of inappropriate settings for the transmission parameters.
To resolve this issue, open-loop link adaptation can be considered for NTN. Since the satellite moves around a known orbit (according to its ephemeris information), the gNB and UE can predict pathloss from the position of satellite and the UE. After prediction, the gNB and UE can figure out appropriate transmission parameter settings from the predicted pathloss. Furthermore, open-loop 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 know 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 pathloss, and then transmit the uplink data with transmission parameters commensurate with the predicted pathloss. For the downlink, the UE needs to report its position to gNB. The gNB can predict the pathloss 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. 
Furthermore, a selection rule of transmission parameters is needed at both the UE and gNB. After predicting the pathloss, the UE selects the appropriate transmission parameters according to this selection rule as configured by the gNB. Then, UE transmits uplink data using the selected transmission parameters and reports these parameters on PUSCH or PUCCH.

Proposal 2: RAN1 should study open-loop link adaptation under configuration of the gNB.

Proposal 3: RAN1 should study the selection rule of transmission parameters such as MCS from predicted pathloss.
3 Discussion on Doppler compensation

In [2] it is acknowledged that the high orbital speed of NGEO satellites results in a high Doppler shift both on the service link between the network gateway and the satellite; and on the access link between the satellite and the UE. These Doppler shifts can be removed by Doppler compensation. It is best to compensate the Doppler of each link separately as the total Doppler shift can become excessive. A further constraint is on the complexity of Doppler shift compensation at the UE as some UE classes may not have enough processing power to implement Doppler compensation. It has therefore been proposed that the Doppler shift of both links should be compensated at the satellite. This means that the satellite pre-compensates the Doppler for the service and access DLs and post-compensates for the service and access ULs. This presupposes that the satellite has on-board generic processing capabilities that can be used for Doppler compensation. Whilst for regenerative satellites this is certainly the case, it may not be possible for transparent satellites. 
Observation 1: Doppler compensation constraints may be different between transparent and regenerative satellites.

Proposal 4: RAN1 should study the applicability of Doppler compensation for regenerative satellites to the transparent satellite deployment scenario.
4 Conclusions
In this contribution, we have discussed physical layer control procedures (power control and link adaptation) and Doppler compensation for NTN. The following observations and proposals are made:
Observation 1: Doppler compensation constraints may be different between transparent and regenerative satellites.
Proposal 1: RAN1 should study methods of open-loop power control for NTN.

Proposal 2: RAN1 should study open-loop link adaptation under configuration of the gNB.

Proposal 3: RAN1 should study the selection rule of transmission parameters such as MCS from predicted pathloss.
Proposal 4: RAN1 should study the applicability of Doppler compensation for regenerative satellites to the transparent satellite deployment scenario.
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Physical layer


Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 


Physical layer control procedures (e.g. CSI feedback, power control)


Uplink Timing advance/RACH procedure including PRACH sequence/format/message


Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.





Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]





Note: PRACH impact on 4 step RACH procedure is considered. Identification of any specific requirements related to 2 step RACH (compared to 4 step RACH) is also considered after some progress on the WID “2 step RACH” if necessary [RAN1 and 2].












