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Introduction
An off line session at RAN1#92 for Study Item FS_NR_nonterr_nw study item on NR to support Non-Terrestrial Networks, took place to address TDOCs submitted under agenda 7.3.2 but that could not be treated.
The following organisations participated to the preparation of this document for information: Thales, HNS, Mitsubishi Electric, Fraunhofer HHI, Fraunhofer IIS, Nokia, Interdigital, Dish network, ETRI, ESA, SES, Sony, Fujitsu, Samsung, Qualcomm, Huawei.

Treatment of the TDOCs

	TDOC
	Title
	Authors

	R1-1802286
	NR-NTN update on Link budget analysis

Comments:
· Path loss function should use the one defined in NTN channel model chapter
· UE performances shall be aligned with assumptions made in NTN channel model
· For handheld, isotropic antenna, a noise figure of 6 dB has been considered although the standard defines 7 dB. The reason for adopting 6 dB is that most products on the market feature such performance.
· “Total Symbol duration (µs) including CP” should be replaced” by “OFDM symbol duration”
· “Modulation Symbol rate” should be replaced by “aggregate Modulation Symbol rate” to highlight that it relates to the OFDM channel bandwidth occupancy
· Clarify the targeted BLER considered

	Thales

	R1-1802004
	PTRS design consideration for NTN

Issues:
· PN mask in satellite (from DVB-S2) is worse that in cellular. This may need to adjust PTRS.
· However, HNS explained that the DVB mask originates from 20 years old design. Since then, the typical satellite phase noise performance has improved.
Preliminary NR standardisation impact analysis
· Possibly for high order modulation scheme if used (TBC)
Way forward
· For Ka band, it may opportune to consider the recent phase noise mask for professional VSAT receiver => HNS and Thales could provide such phase noise mask
· For S band, the same phase noise mask as in cellular systems will be considered and hence, no PTRS revision would be needed.
· 
	Samsung

	R1- 1802797
	NTN NR impacts due to Phase Noise
Issues:
· Similar analysis to Samsung related to PN mask in satellite. Fraunhofer IIS suggested to adjust PTRS or improve satellite phase noise performance especially for higher order modulation
NR standardisation impacts
· Same as for R1-1802004
Way forward
· Same as for R1-1802004

	Fraunhofer IIS, Fraunhofer HHI

	R1-1802801
	NR-NTN: DM-RS time position versus frequency drift in NTN deployment scenarios

Issues:
· The current Frequency drift values in the TDOC seems to refer to absolute values.
· Frequency drift value with respect to the beam centre correction should be estimated. It is assumed that the gNB is aware of the satellite position and therefore can post/pre compensate the frequency drift at the beam centre.
Preliminary NR standardisation impact analysis
· Likely none (TBC)

	Thales

	R1-1802802
	NR-NTN: DM-RS positioning in frequency within PDSCH versus coherence bandwidth in GEO and LEO deployment scenarios

Issues:
· Initial study shows that DMRS density in frequency domain could be sufficient for type 1.
· Further study is needed for type 2
· The figure in the TDOC needs to be corrected to illustrate type 1: Positions of DMRS are in CI (carrier index) 0, 2, 4, 6, 8 and 10 (Note also possible 1, 3, 5, 7, 9, 11)
· A figure for Type 2 can be added: Positions of DMRS are in CI (carrier index) 0, 1, 6, 7 
· Theoretical minimum coherence bandwidth becomes 2 times SCS (type 1) and 5 times SCS (type 2)
Preliminary NR standardisation impact analysis
· Likely none for both satellite and HAPS deployment scenarios (TBC)
Way forward
· Further study will be needed once the flat fading criteria definition is consolidated 

	Thales

	R1-1802631
	Considerations on HARQ Management for Non-Terrestrial Networks
Issues:
· The effective number of required HARQ processes depends on the targeted BLER value
Preliminary NR standardisation impact analysis
· Likely none by targeting lower BLER (e.g. 0.1%) to prevent the need for HARQ and rely only on ARQ. 
Way forward
· It shall be analysed whether HARQ can be deactivated
· IDC and Fraunhofer IIS may consider a joint contribution for next session

	InterDigital, Inc.

	R1- 1802613
	NTN NR impacts on the HARQ Operation

Issues:
· Similar observation as in R1-1802631
Preliminary NR standardisation impact analysis
· Same as in R1-1802631
· In addition, improved HARQ process could also be proposed:
· flexible number of HARQ processes
· optimised HARQ process for link aggregation if it exists or possibly dual connectivity

	Fraunhofer IIS, Fraunhofer HHI

	R1-1803507
	Paging in NGSO
Issues:
· For NGSO system, the paging area is moving while the tracking area is fixed
Preliminary NR standardisation impact analysis
· Potential impact: adding some additional steps to the paging procedure
Way forward
· It could be worthwhile to complete the analysis on the potential impact in Location update procedure

	HNS

	R1-1802632
	Considerations on Random Access for Non-Terrestrial Networks

Issues:
· In NTN system, the RTT is larger than in cellular system and it may vary over time.  
Preliminary NR standardisation impact analysis
· If UE knows its position wrt satellite (through GNSS positioning method, ephemeris from RAN and computation)=> likely no/very limited standardisation impact apart from procedure modification to use GNSS position information. 
· If UE doesn’t know its position wrt satellite => there could be some impacts
· Maximum variation of RTT can be much smaller than the maximum RTT and is dependent on the footprint
· Use the RTT variation for FFS 
· The random access response window length in NR could be revisited to accommodate the RTT of NTN
· To address the RTT variation, Doppler spread and Doppler shift and coverage issues of NTN, the following modifications could be considered
· New RACH formats might be considered in NR
· CP length and the number of sequence replications could be adjusted
· The sequence of the PRACH could be changed
· PRACH message could be revisited

	InterDigital, Inc.

	R1-1801830
	Considerations on random access in NTN

Issues:
· Same kind as identified in R1-1802632
Preliminary NR standardisation impact analysis
· Another solution could be considered through the repetition of 2 PRACH symbols and extend the detection window. This solution doesn’t require GNSS positioning in UE. In addition the cell size could be broadcasted on the control plane
· In case of link aggregation, the control plane information could be provided by the terrestrial link 

	ZTE, Sanechips

	R1-1802064
	Considerations on Doppler compensation for LEO-based NTN
Issues:
· Higher Doppler shift in NTN compared to cellular
· Higher Doppler variation even after pre-compensation
Solutions principles
· Doppler shift pre compensation need to be applied
· It might be difficult for some UE to apply the necessary post compensation for the Remaining Doppler variation in case of fast variation rate
· For FFS, which entity (one or both between UE and RAN) could be responsible for this compensation
Preliminary NR standardisation impact analysis
· According to the selected solution, the standardisation impact will differ

	Sony

	R1-1802803
	NR-NTN: Applicability of NR numerology to satellite communication

· Not treated
	Thales




List of issues associated to NR supporting Non-Terrestrial networks

Possible limitation of the supported UE channel bandwidth (DL/UL) and system Throughput 
Initial downlink synchronisation
Demodulation DownLink: Cyclic prefix, SCS, Reference symbols, Frequency & phase error estimation, HARQ, Control channel (PDCCH) BLER performance, Data channel (PDSCH) BLER performance, Discontinuous reception (DRx)
UL initial access: PRACH
UL demodulation: Uplink synchronisation (Timing Advance), Cyclic prefix, Reference symbols, Control channel (PUCCH) BLER performance , Data channel (PUSCH) BLER performance
Higher layers: UL/DL Pairing, Layer 1 control loops, Radio Resource Scheduling DL->UL, Layer 2 and 3 protocol timers, Paging, Interference management

Proposed template to analyse the issues associated to NR supporting Non-Terrestrial networks

Problem statement
Analysis of the issue
Recommendations of solution principles
Standardisation impact : Features (e.g. initial access), Specification reference (e.g. 38.211) and system element (e.g. UE, RAN, CN) impacted

Recommendations

The TR 38.811 could identify a set of necessary features/adaptations to enable the operation of NR protocol in satellite or HAPS systems and recommends to have them defined in 3GPP release 16.
In addition, the TR 38.811 could identify new features/adaptations that would optimise the performances of satellite or HAPS systems based on NR protocol and recommends to consider them defined in future releases.
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