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1. Introduction
The RAN1 SI to support Non-Terrestrial Network (NTN) will begin at RAN1#96bis in the second quarter of 2019. The target work was approved in RAN #80 as follows [1].

 (
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]
)

One target of the SI is to study the performance of NR in selected NTN deployment scenarios. The numerology determines the basis of the resource grid and affects almost every aspect of the system. They should be the start point of the study and be comprehensively evaluated in the coming NTN link level simulations. In this contribution, we will discuss some key considerations on the numerology and frame structure.
2. Discussion
2.1. Numerology and frame structure for NR terrestrial network
NR supports multiple OFDM numerology and frame structure options to adapt a wide range of application scenarios. The configuration is indicated by subcarrierSpacing µ and cyclicPrefix which are obtained from the higher layer [2]. Several parameters directly related to numerology are listed in Table 1. 
Table 1: NR supported transmission numerologies and frame structure
	µ  
	Sub-Carrier Spacing (kHz)
	Cyclic Prefix
	CP length (us)
	Slot length
	

	


	0
	15
	Normal
	5.2;  4.69
	1ms
	14
	10

	1
	30
	Normal
	2.86; 2.34
	0.5ms
	14
	20

	2
	60
	Normal; Extended
	1.69; 1.17
4.17
	0.25ms
0.25ms
	14
12
	40
40

	3
	120
	Normal
	1.11; 0.59
	0.125ms
	14
	80

	4
	240
	Normal
	0.81; 0.29
	0.0625ms
	14
	160



Observation-1: The numerology and frame structure of NR provide multiple options for NTN performance evaluation . 
2.2. Numerology and frame structure for NTN
The selection of numerology and frame structure of the NTN access should accommodate the scenarios specific propagation properties. The following aspects should be analysed as the start points:
· SCS of synchronization signal. In general, systems with large SCS are more resilient to the frequency deviation and phase noise. According to the study in [4], the maximum frequency deviation a receiver can tolerate in DL synchronization is the half of the SCS value. Therefore, for scenarios with high-speed UEs or moving base station e.g. LEO based satellite access, larger SCS value should be preferred.
· CP length. CP of OFDM should be long enough to avoid Inter-Carrier-Interference (ICI) caused by delay due to multi path propagation of the considered channel characteristic and/or Inter-Symbol-Interference (ISI) by the mis-alignment due to the imperfect synchronization. For normal CP length, the number of CP points decreases as the SCS value increases, which implies a lower capability to combat multi-path and timing offset. 
· Reference signal (RS) time density. The time density of the RS should be high enough to track the channel evolvement. Some preliminary work has already been done in [3], showing that the current maximum NR DMRS time density is quite enough to cover the Doppler rate for the LEO satellite at the orbit of altitude 600km. Therefore, the DMRS density for data transmission might be optimized for lower overhead.
Observation-2: SCS, CP, and RS time density should be analysed in NTN performance evaluation. 
2.2.1. GEO satellite based access
For GEO stationary satellite based access, the satellite is located approximately 35786km over the equator. Doppler shift caused by the satellite motion is negligible. For ground UE with maximum speed of 500km, the same synchronization and frequency tracking process as the terrestrial network can be largely reused. For aircraft terminals with maximum speed of 1000km/h, the effects of the Doppler shift need to be evaluated for DL synchronization and frequency tracking with difference SCS.
Observation-3: For GEO based access, the effects of the Doppler shift due to the motion of UE need to be evaluated for difference SCS.
2.2.2. LEO satellite based access
For LEO satellite based access, Doppler shift is contributed by the motion of both UE and satellite. The altitude of the LEO satellite may vary from 300km to 1500km, which leads to a high orbital speed. This may bring challenges at the DL synchronization due to huge Doppler shift. A UE may have to try several times to find the shifted central frequency with a delta frequency step size depending on the SCS value [4]. The additional multiple trials will certainly increase the false detection rate. Large SCS could reduce the number of trial, which relieves the issues of UE power consumption, false detection rate, and searching delay. 
Another way to address the issue due to huge Doppler shift is based on the fact that the motion of the LEO satellites are predictable as shown in [3].  A pre-compensation of the Doppler shift can be implemented at the satellite so that a UE only need address the residual Doppler shift. However, the residual Doppler shift is the function of the satellite zenith angle and cell size. For a given zenith angle, more residual Doppler shift will be observed at the UE side as the cell size increases. Assuming an NTN cell of 300km diameter locates at the nadir point of an LEO satellite of 600km-orbit, the Doppler shift due to the motion of satellite is 0 at the cell centre and +/-12.2kHz at the cell edge for the central frequency 2GHz. Even though the common part of the Doppler shift (0 in this case) is already pre-compensated at the satellite, the residual Doppler shift is still comparable to the minimum SCS value of NR.
Observation-4: For LEO based access, the effects of the Doppler shift due to the motion of both UE and satellite need to be evaluated for difference SCS.
The CP length should firstly accommodate the multi –path delay of the NTN channel to avoid ICI. In [3], the delay spread of urban, suburban and rural environments for elevation ranging from 15 to 55 is stated between 180ns to 250, and 250 ns is reported to cover 90% of cases. Thus the normal CP of SCS values (µ = 3, 4) can generally match the propagation character. Secondly, the CP length should be long enough to tolerate synchronization errors. Provided that one UE is served by two or more beams from different satellites simultaneously, transmission delay difference will exist. The frequent inter-satellite hand-over due to the motion of LEO satellite is another scenario which may encounter synchronization error. Furthermore, large CP length could provide the UE more ability to implement accurate frequency tracking which is critical for efficient data transmission. We may need simulations to study the impacts of the multi-path characteristic and the possible synchronization error to help conclude a proper CP length.
Observation-5: The impacts of CP length need to be evaluated for LEO based access.
As shown in Table1, the slot duration decreases for larger SCS options, leading to higher maximum DMRS time density. The analysis in [3] indicates that the current NR DMRS time density is already enough to track the maximum Doppler variation even for the case at 30GHz for SCS 15kHz. The optimization of the DMRS density for data transmission might be considered to reduce the overhead. 
Observation-6: The RS patterns of NTN transmission need further study for optimization. 
3. Conclusion
In this contribution, we provide some considerations on the numerology and frame structure. The observations are as follows:
Observation-1: The numerology and frame structure of NR provide multiple options for NTN performance evaluation . 
Observation-2: SCS, CP, and RS time density should be analysed in NTN performance evaluation. 
Observation-3: For GEO based access, the effects of the Doppler shift due to the motion of UE need to be evaluated for difference SCS.
Observation-4: For LEO based access, the effects of the Doppler shift due to the motion of both UE and satellite need to be evaluated for difference SCS.
Observation-5: The impacts of CP length need to be evaluated for LEO based access.
Observation-6: The RS patterns of NTN transmission need further study for optimization. 
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