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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new SI on solutions evaluation for NR to support Non-Terrestrial network has been approved in RAN #80 plenary. RAN1 needs to identify the potential impacts and study the related solutions on physical layer. The objectives were approved in RAN #80 as follows [1].
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]
In this contribution, we analyze the main potential impacts on RAN1 considering the specific channel characteristics of NTN.

Discussion 
NTN architecture and deployment scenarios
NTN is expected to provide services in the scenarios where terrestrial network is not available, or not sufficiently efficient [2]. The satellite can either perform as a frequency switcher or (part of) a gNB. The first mode is denoted as transparent satellite while the second mode is referred as regenerative satellite. Six reference scenarios of NTN are listed in TR38.821 [2] classified by the satellite payload modes and the orbit types. Scenario A, C2, and D2 are selected for further study in Rel-16 [3].
[bookmark: OLE_LINK15]Table 1: NTN reference scenarios in TR38.821 [2]
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:
steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:
the beams move with the satellite
	Scenario C2
	Scenario D2



Also in [2], some geographic parameters of the reference scenarios are given. Part of them are shown in Table II.
Table II: Geographic parameters for NTN scenarios
	NTN scenarios
	A
	C2
	D2

	Satellite altitude
	35786 km
	600 km, 1200km

	Relative speed of satellite w.r.t. earth
	negligible
	7.56 km/s (600km)
7.25 km/s (1200km)

	Min elevation for both feeder and service links
	10° 

	Max beam foot print diameter at nadir
	500km
	200km



NTN channel characteristics
The channel characteristics in the above reference deployment scenarios are different depending on the architecture options, platform orbit and the carrier frequency. In summary, two characteristics of NTN channel affect the system design most. 
One characteristic is the propagation delay due to the long distance between the space-borne platform and UE. For GEO, the propagation delay can reach hundreds of milliseconds (ms). Even for LEO, the worst propagation delay is in of tens of milliseconds, much larger compared with the terrestrial network.
[bookmark: OLE_LINK14]Table 3: Propagation delays for NTN scenarios [2]
	NTN scenarios
	A
	C2
	D2

	Max distance between satellite and user equipment at min elevation angle
	40586 km
	1932 km (600 km)
3131 km (1200 km)

	Max Round Trip Delay
	541.14 ms
	25.76 ms (600km)
41.75 ms (1200km)
	12.88 ms (600km)
20.87 ms (1200km)



The other characteristic is the large Doppler shift and variation rate for LEO.
[bookmark: OLE_LINK8]Table 4: Summary of Doppler shift and shift variation for LEO 600km
	Frequency (GHz)
	Max Doppler
	Relative Doppler
	Max Doppler shift variation

	2
	+/- 48 kHz
	24ppm
	- 544 Hz/s

	20
	+/- 480 kHz
	24ppm
	-5.44 kHz/s

	30
	+/- 720 kHz
	24ppm
	-8.16 kHz/s






However, because the orbits of the satellites are relatively stable, some of the channel characteristics are predictable on certain occasions. For example, the Doppler shift due to satellite motion in LEO based access is a function of satellite orbit height and elevation angle between the UE and satellite, which can be pre-determined if the altitude and elevation angle (or information that can be converted to each other) are known to the UE or BS side.
Potential RAN1 impacts
[bookmark: OLE_LINK20]The NTN channel characteristics may result in some RAN1 impacts in the following aspects. 
Numerology 
To deal with the large Doppler shift and variation rate, the robustness of different subcarrier spacings should be evaluated for the possible scenarios. Intuitively, a larger subcarrier spacing would be more robust. In general, the fast moving speed of the platform and/or NTN terminal may favor a numerology which is more robust to UL synchronization error. The frame structure and RS patterns of NR are very flexible. Evaluations for NTN-specific impacts such as frequency drifting, phase noise can be started from the Rel-15 NR configurations for each numerology. 
Proposal 1: Evaluations for NTN-specific impacts should be started based on existing NR configurations.
Initial access procedures
It is important to analyze the initial access procedures for NTN and at least the following aspects should be studied:
Downlink synchronization 
[bookmark: OLE_LINK21]When the UE performs initial access, it needs to get downlink synchronization. It should be evaluated carefully whether a UE can achieve sufficient time and frequency synchronization accuracy with an acceptable complexity with current NR synchronization signal format. According to the TR, the maximum Doppler shift for LEO may exceed 5 ppm which is the frequency error robustness requirement [4]. Pre-compensation is proposed to solve this problem. With cell-specific pre-compensation, whether the maximum residual Doppler shift can meet the 5 ppm requirement depends on the orbit height, beam shape and beam size. The worst case happens for the spot beam at nadir point [5]. For case of orbit height 600 km and of radius 50km, the residual Doppler shift is about 2.1 ppm at the cell edge, i.e. 4.2 kHz for central frequency 2 GHz. If the cell radius is 500 km, the corresponding Doppler shift is about 16 ppm, i.e. 32 kHz, which is much larger than the SCS value (15 kHz for 2 GHz central frequency). The DL synchronization performance needs to be verified with revised detection algorithm [5][6] for NTN.
PRACH transmission
To address the huge differential delay due to large cells in NTN scenarios, the GNSS based and differential delay based random access procedures should be studied and compared.
For the former solution, the UE can automatically calculate its rough TA with the satellite geo-location and its own location information. Thus a large part of the propagation delay can be pre-compensated and the residual delay can be handled by the current random access formats and signaling. The satellite geo-location can be broadcasted in system information and the UE location can be obtained through GNSS such as GPS. However, whether GNSS capability is mandatory for NTN UE should be further studied. Implementation aspects such as power consumption and time required for positioning should be considered in RAN1. For some use cases, low-cost UE is much more favored.
For the latter solution, one concern is whether current PRACH sequence/format is able to support such big differential delay. New PRACH format may need to be further studied starting with simple repetition of RA sequence. 
Timing issues in RA procedures
There are also timing issues in the RACH procedures due to long propagation delay in NTN [6]. Both the UE and BS are supposed to have the same time-dependent RA-RNTI value since the propagation delay is negligible compared to the slot duration in terrestrial network. When it comes to NTN where delay varies from several milliseconds to hundreds of milliseconds, the UE and BS may come up with inconsistent time-dependent RA-RNTI, which will lead to access failure. Moreover, the RAR window and timers such as ra-ContentionResolutionTimer need to be extended. The whole access procedures should be carefully revisited for each NTN scenario since they are featured by quite different propagation delay.
Timing advance
Since NTN has to handle very large propagation delay and much faster delay variation as analyzed in the TR [4], the timing advance for NTN needs investigation. Considering that the common part of the propagation delay shared by the UEs in an NTN cell is much larger than the differential delay, this common part may not be necessarily indicated UE-specifically in the TA command. Moreover, the current TA maintenance mechanism needs to be revised to deal with the quick propagation changing due to the fast motion of the LEO satellite [6]. Therefore how to establish and maintain the timing advance in NTN should be carefully studied to minimize the standard impact. 
Proposal 2: Issues related to initial access and timing advance should be studied first for NTN.
Data transmission related procedures
In LTE and NR, mechanisms are defined to improve the transmission efficiency and reliability of data, such as UL power control, adaptive multiplexing and coding (AMC) based on channel state information and HARQ. However in NTN, UL power control and AMC will face the challenge of out-of-date channel information due to the fast varying channel (LEO) or extremely high propagation delay (GEO). AMC with prediction based on statistic channel information and other solutions should be investigated. For UL power control, new design compromising the merits of closed loop power control and open loop power control can be considered [8]. HARQ protocol also suffers from low efficiency for a specific UE (GEO) under current NR definition because the UE has to wait for most of the time. In [4], HARQ with a high number of parallel processes and HARQ deactivation are proposed. HARQ with more processes increases the UE cost while the performance is worse for those with deactivated HARQ. If HARQ is disabled, a couple of fields in the current downlink control information (DCI) formats are not needed, and a refined DCI is meaningful for reducing the overhead [9]. The timing issues due to long propagation delay in data transmission related procedures should also be addressed. For example, the time interval between the PDSCH and the corresponding HARQ-ACK feedback or the UL grant and the corresponding PUSCH transmission should be large enough to accommodate the long propagation delay. 
Proposal 3: The impacts due to long propagation for data transmission need to be evaluated.
Cell measurement for mobility requirement
In traditional terrestrial networks, reference signal received power (RSRP) based measurement is widely adopted to determine UEs’ mobility requirement, e.g., handover. However, in NTN context, the network is not able to efficiently determine the UEs’ mobility requirement merely by the RSRP of the serving cell [10]. This is because the high altitude of the satellites leads to a phenomenon that the distance between the satellites and UEs within a cell is very close. Thus, the free space loss experienced by UEs in an NTN cell is almost the same. 
Observation: The RSRP based measurement metric for mobility requirement may need to be revisited for NTN.
PAPR
In NTN, the transmitted power at the satellite is expected to be large in order to compensate for the huge path loss especially in GEO based access. It is helpful to maximize the transmitted power if the PAPR of the OFDM signal can be compressed. For transparent NTN access, it is possible to implement the PAPR reduction processing on the ground segment. There are several criteria for the selection of PAPR reduction technique [11]. Which kind of PAPR reduction technique is suitable should depend on the requirements of the system design of each NTN scenario such as link budget, PA model, payload capability, etc. If the PAPR issue is critical in NTN, implementation-based method should be considered prior to other PAPR reduction methods.
Proposal 4: If needed, implementation-based PAPR reduction method should be considered for NTN prior to other PAPR reduction methods.
Conclusions
In this contribution, we review the NTN architecture and deployment scenario and provide an overview on the open issues for NTN design based on the channel charactistics. From the discussion above, we have the following observation and propsals:
Observation: The RSRP based measurement metric for mobility requirement may need to be revisited for NTN.
Proposal 1: Evaluations for NTN-specific impacts should be started based on existing NR configurations.
Proposal 2: Issues related to initial access and timing advance should be studied first for NTN.
Proposal 3: The impacts due to long propagation for data transmission need to be evaluated.
Proposal 4: If needed, implementation-based PAPR reduction method should be considered for NTN prior to other PAPR reduction methods.
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