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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In June 2018, the study item “Study on NR to support non-terrestrial networks” was completed. Potential impacts have been identified (see [1] for the full list) and solutions are currently investigated in the study item “Solutions on NR to support non-terrestrial networks”. From a RAN1 perspective, TUs have been allocated starting from April 2019 to November 2019.
During RAN1 #94bis meeting in Chengdu, several TDOCs were submitted for information to further describe the different impacts and trigger the discussion on potential solutions. This document summarizes the different identified issues and continues the discussion on potential solutions.

2. Key issues to be investigated and potential solutions

2.1 Random access in NTN

Problem statement: The RACH window is based on the terrestrial propagation radio environment and cannot accommodate the NTN long propagation delays (see [2] for more details)
	Solution principle
	Drawback(s)

	Closed-loop approach: similar to LTE and NR (see Figure 1)
	· Need to modify/extend the RACH window

	Open-loop approach: The UE estimates the propagation delay based on its position from GNSS measurements and satellite ephemeris. RACH procedure could then be shortened
	· GNSS positioning accuracy may need further study





[bookmark: _Ref528705979]Figure 1 : Contention based RA procedure

Proposal 1: To study both open-loop and closed-loop approaches for random access in NTN

2.2 Timing advance and uplink scheduling

Problem statement 1: The timing advance is based on the terrestrial propagation radio environment and cannot accommodate the NTN long propagation delays. Even with LEO satellites at a 600km altitude orbit, the distance UE-satellite represents 6.4ms propagation delay at 10° elevation while propagation delays go up to several hundreds of milliseconds in the GEO case. Extension of current TA maximum values will therefore not be sufficient, and uplink scheduling needs to be reconsidered. [3] details the different transmission timing that need to be reconsidered (HARQ-ACK on PUCCH, CSI and data on PUSCH).
	Solution principle
	Drawback(s)

	Scheduling must take into account the long propagation delay, which may imply uplink scheduling in a frame different from the corresponding DCI command
	· FFS



Problem statement 2: TA advance must at least accommodate differential delays. This may be an issue as the maximum differential delay can go up to 1.6ms (GEO case) while maximum TA is equal to 3846 * 16 * 64 /  = [2,1,0.5,0.25,125]ms for µ = [0,1,2,3,4]. Similarly to the issue related to random access, two approaches could be envisaged:




	Solution principle
	Drawback(s)

	Closed-loop approach with extension of the maximum TA value
	· Need to increase the number of bits for TA value
· Frequent TA updates due to satellite motion (LEO case)

	Open-loop approach with calculation of TA value based on GNSS positioning and satellite ephemeris
	· Same as in RA



Proposal 2: The impact on uplink scheduling in NTN shall be studied in details
Proposal 3: To study both open-loop and closed-loop approaches for timing advance in NTN

2.3 Control loops

Problem statement: Due to the long propagation delays, tracking of fast fading and fast atmospheric variations is not possible. This impact the uplink power control as described in [4] but also the MCS selection as described in [1]. In NR, power control is used to limit uplink power interference.
	Solution principle (MCS selection)
	Drawback(s)

	Closed-loop approach: The MCS is selected based on CQI reporting for the DL or CSI-RS on the uplink, with a margin applied to take into account the long propagation delay. This margin may depend on:
· Frequency band
· Satellite elevation
· Channel quality
	· TBD



	Solution principle (Uplink power control)
	Drawback(s)

	Closed-loop approach similarly to MCS selection, but the selected uplink power may also depend on uplink interference management
	· TBD

	Open-loop approach: A constant margin for fading events is applied. In LEO case, the uplink power could only depend on the path loss variations based on GNSS positioning and satellite ephemeris. In GEO case, the uplink power could always be set at maximum.
	· May be a less power efficient approach, especially in Ka band as the fading margin for rain events is typically above 5dB



Proposal 4: To study both open-loop and closed-loop approaches for uplink power control in NTN
Proposal 5: To study the necessary MCS/uplink power control margins which may be function of (at least) frequency band, satellite elevation and channel quality

2.4 HARQ

Problem statement: The propagation delay may be much larger than the number of supported parallel HARQ processes (see [5] for more details).

	Solution principle
	Drawback(s)

	Disable HARQ
	· Performance degradation TBD
· “Current implementation supports limited functionality for disabling HARQ at the PHY/MAC layers” [2]

	Increasing the number of parallel HARQ processes
	· UE memory size is a limit to the maximum number of parallel HARQ processes. This solution seems applicable only in the LEO case



Proposal 6: To study in details how to efficiently disable HARQ in NTN
Proposal 7: To study how to adapt NR HARQ mechanism for LEO constellations 

2.5 Doppler due to the satellite motion

Problem statement: In [1], a maximum Doppler value of 24ppm has been assessed based on the worst case scenario (LEO constellation at 600km, 10° elevation), which is a much larger value than Doppler values occurring in terrestrial networks. Even if performance assessments first need to be performed, following solution principles could already be envisaged:
	Solution principle
	Drawback(s)

	Closed-loop approach similar to NR: Doppler (and CFO) is assessed based on CP/SSB without NR modifications
	· Limitations on the applicability of this solution
· Doppler tracking may be an issue due to the long propagation delay

	Closed-loop approach similar to NR: Doppler (and CFO) is assessed based on CP/SSB with NR modifications
	· TBD 
· Doppler tracking may be an issue due to the long propagation delay

	Open-loop approach: Doppler is estimated based on satellite ephemeris and UE position obtained from GNSS measurements 
	· GNSS positioning accuracy may need further study



Proposal 8: To study both open-loop and closed-loop approaches for Doppler compensation in NTN
In order not to restrict NR flexibility, all subcarrier spacing shall be considered. As low SCS is the most constraining case, low SCS should be targeted in priority
Proposal 9: To study Doppler compensation with SCS = 15kHz for <6GHz and SCS = 60kHz for >6GHz in priority

2.6 Phase noise in bent-pipe satellite in FDD

Problem statement: In bent-pipe (transparent) satellite operating in FDD, the frequency shift on-board the satellite may generate additional phase noise. Typical satellite phase noise masks may be rather different from the phase noise masks considered in NR. (see also [6][7][8])
	Solution principle
	Drawback(s)

	To revise DMRS and PTRS density/distribution to take into account the additional phase noise coming from the on-board frequency conversion for bent-pipe satellites
	· FFS



Proposal 10: Performance with current NR DMRS/PTRS configurations and typical bent-pipe satellite phase noise masks shall first be provided

3. Conclusion
Proposal 1: To study both open-loop and closed-loop approaches for random access in NTN
Proposal 2: The impact on uplink scheduling in NTN shall be studied in details
Proposal 3: To study both open-loop and closed-loop approaches for timing advance in NTN
Proposal 4: To study both open-loop and closed-loop approaches for uplink power control in NTN
Proposal 5: To study the necessary MCS/uplink power control margins which may be function of (at least) frequency band, satellite elevation and channel quality
Proposal 6: To study in details how to efficiently disable HARQ in NTN
Proposal 7: To study HARQ mechanisms for LEO constellations 
Proposal 8: To study both open-loop and closed-loop approaches for Doppler compensation in NTN
Proposal 9: To study Doppler compensation with SCS = 15kHz for <6GHz and SCS = 60kHz for <6GHz in priority
[bookmark: _GoBack]Proposal 10: Performance with current NR DMRS/PTRS configurations and typical bent-pipe satellite phase noise masks shall first be provided
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