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1 [bookmark: _Ref298777854]Abstract
This document proposes a draft text for the clause “recommendations on the way forward” of the 3GPP TR 38.811.

2 Proposed Text
We suggest adding section 8, with the text below, in order to briefly describe the complexity and the constraints:
* * * Start of changes * * * * (new text)
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This report has
· Provided detailed descriptions of some deployment scenarios for non-terrestrial networks and the related system parameters such as altitude, orbit etc.
· Defined a way to generate Non-Terrestrial network channel models leveraging on the models defined in TR 38.901 “Study on channel model for frequencies from 0.5 to 100 GHz (Release 14)”
· Identified potential key impact areas on the NR to support Non-Terrestrial networks

In line with 3GPP TR 38.901, the study considered a possible deployment of NR in Non-Terrestrial networks operating in any frequency bands between 0.5 and 100 GHz.
Specific frequency bands (S and Ka band) have nevertheless been considered for the channel modelling and the identification of potential key impact areas on the NR.

8.2	Reference deployment scenarios
A number of scenarios is considered in clause 5.1 “Scenarios overview” including GEO, Non GEO as well as HAPS based access networks. The intent is assess relatively worst case scenarios with respect to Doppler shift, Doppler variation rate, Delay and Delay variation rate. For concerns  non-GEO deployment scenarios, the has been set to 600 km , which is pessimistic with respect to the Doppler, and Doppler rate, related effects.
Non-Terrestrial access networks can be used to serve directly User Equipment or indirectly via a relay node.
Other deployment scenarios based on space or aerial vehicles at different altitude, orbit may be considered in subsequent studies on NR supporting Non-Terrestrial networks.

8.3	Non-Terrestrial network channel modelling
Leveraging on the models defined in TR 38.901 “Study on channel model for frequencies from 0.5 to 100 GHz (Release 14)”, complementary features and specific parameters have been identified and proposed in chapter 6 of this report to generate Non-Terrestrial network channel models for all possible deployment scenarios characterised by altitude/orbit of space/aerial vehicles, user environments (rural, sub-urban, urban and dense urban), targeted user equipment type (omni or directive antennas, LOS/NLOS conditions) as well as frequency bands.

8.3	NR impacts to support Non-Terrestrial networks
8.3.1 Type of potential NR impacts

The potential NR impacts are characterised according to the classification in the table below:

Table 8.3-1: Type of Potential area of NR impacts to support Non-Terrestrial networks
	Type of Potential area of impact
	Modifications of 3GPP NR specifications

	Higher layers impact
	Required in Layer 2/3 protocols/architecture

	Physical layer impact
	Parameters settings, procedures or physical channels and signals

	No impact
	Not needed

	Performance 
	[bookmark: _GoBack]Preferable, but not mandatory to support non-terrestrial networks



8.3.2 Assessment of potential NR impacts to support Non-Terrestrial networks
The table below identifies the potential area of impacts on the NR specification. This will depend on the deployment scenarios. The intent is to identify the main studies to be carried out taking into account the defined NTN channel model to enable operation of NR in Non-Terrestrial networks. Other areas of impact are identified which could lead to performance improvement and could be addressed in Release 17 and beyond.
Table 8.3-2: Evaluation of NR impacts to support Non-Terrestrial networks
	Non-Terrestrial network specifics
	Effects
	Impacted NR features
	Potential area of impact to be further studied
	Comment
	Possiby impacted WGs

	Motion of the space/aerial vehicles 
	Moving cell pattern
	Hand-over/paging
	Higher layers impact
	Paging and Hand-over procedures should be adapted to take into account the relative motion of the cell pattern with respect to the tracking area. Further analysis on tracking area design may need to be carried out. Mobility management is also to be considered (Note 1)
	RAN2/3 

	
	Delay variation
	TA adjustment
	Physical layer impact
	The frequency of the TA adjustment procedure may need to be adapted for LEO and MEO
	RAN1

	
	Doppler
	Init synchro downlink
	No impact
	The preferred SCS values for Non-Terrestrial Networks are respectively 60 KHz for frequency bands lower than 6 GHz and 240 KHz for frequency bands above 6 GHz. However it can also operate with lower SCS value
	RAN1

	
	
	DMRS time domain configuration
	No impact
	The prefered DM-RS configuration is type 1 to cope with Doppler variation rate
	RAN1

	Altitude
	Long latency
	HARQ

	Higher Layers & physical layer Impact
	Need to adapt the specification to deactivate HARQ when operating the radio link at a sufficiently low BLER and/or enhancements of NR HARQ can also be considered
	RAN1/2

	
	
	Control loops (CSI, ACM, power control…), timers
	Physical layer impact
	The open/closed operation/configuration of Adaptive power and coding/modulation control loop protocols may have to be adapted.
	RAN1

	
	
	Control loops (MAC/RLC and higher)
	Higher layers impact
	Timers limit of MAC/RLC and higher layers loop protocols may have to be extended
	RAN2/3

	Cell size
	Differential delay
	TA in Random access response message
	Physical layer impact
	Doppler/Delay (Note 2) compensation technique (Note 3) can be implemented. Further analysis/simulations using the NTN channel model is needed. Adaptations of PRACH format and random access procedure may have to be considered.
	RAN1

	
	
	Random access
	Physical layer impact
	
	RAN1/2

	Propagation channel
	Impairments
	DMRS frequency domain configuration
	No impact
	Non terrestrial network propagation channel features a frequency selective at most comparable with cellular channel
	RAN1

	
	Impairments
	Cyclic prefix
	No impact
	Non terrestrial network propagation channel features a worst delay spread at most comparable to cellular channels.
	RAN1

	Spectrum
	Regulatory constraints
	Duplexing mode (TDD/FDD)
	Higher layers impact
	FDD is prefered especially for most spectrum allocation to satellite systems. This may require possible adaptations of the Channel raster/duplexing/numbering and spacing aspects depending on the regulatory regime applying to the targeted frequency bands. TDD may be considered for HAPS and in some cases for LEO
	RAN4

	Satellite or aerial Payload performance
	phase noise impairment
	PT-RS
	Potential constraint on the operation to be further studied
	Satellite Radio links are typically operated with relatively low order modulation scheme, in most of the cases up to 16QAM
	RAN1

	
	Back-off
	PAPR
	 Performance 
	Uplink: It is recommended to use DFT-S OFDM 
Downlink: Low PAPR  scheme can be considered in future releases to improve performance
	RAN1



Note 1: Some of the considered deployment scenarios assume indirect access based on fixed or even mobile relay which are yet to be defined in 3GPP for NR. This needs to be studied starting from the appropriate conclusions of the “Integrated Access and Backhaul” Study Item. 
For NGSO-based deployment scenarios NTN and/or relays mounted on a moving platform such as a train, mobility management also needs further studies.

Note 2: The common delay, the Differential delay as well as their time variation have to be compensated.
Note 3: Doppler/Delay compensation techniques can be implemented especially for Non GEO satellites:
· GNSS based techniques: The User Equipment equipped with a GNSS receiver determines its position and the universal time. Thanks to pre-loaded / updated ephemeris of the satellite constellation which can be theoretical or actual, the UE is able to compute the position and motion of the possible serving satellites enabling to determine the Doppler shift and variation rate as well as the absolute Delay and Delay variation.
· Non GNSS based techniques can also be envisaged and implemented. They are for further study



8.4	Next steps
Subsequent studies are necessary to further characterise some potential impacts on NR and define solutions to address the remaining issues.
The study may take place over consecutive phases during which different sets of deployment scenarios may be considered.



Table 8.4-1: Subsequent RAN studies on NR support Non-Terrestrial networks
	Targeted deployment scenarios
	· LEO satellite based access
· HAPS based access
· GEO based access

	RAN1 – physical layer features
	Mitigating Doppler/Delay, potential areas of impact (to be confirmed through analysis):
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Delay tolerant HARQ as appropriate (including deactivation of HARQ)

Improving performance, potential areas of impact:
· MCS and TBS configuration and enhancements for low SNR and/or enhancements ensuring low PAPR
· Extended HARQ operation

Performance assessment of NR in the selected deployment scenarios

	RAN2 features
	Mitigating Doppler/Delay, potential areas of impact:
· Timers of MAC/RLC control loops
· random access response, TA parameters, Scheduling request, buffer status reporting, Power Headroom reporting, DRX
Coping with moving cells, potential areas of impact:
· Paging/hand-over procedure for UE or relay

Improving performance, potential areas of impact:
· 2 steps RACH

	RAN3 features
	Coping with moving cells, potential areas of impact:
· RAN architecture (e.g. handling of network identities, Mobility management)
Improving performance, potential areas of impact:
· Network slicing in RAN incl. satellite
Satellite/cellular Link aggregation

	RAN4 features
	Supporting selected satellite frequency bands, impact:
· Channel raster/duplexing/numbering and spacing aspects
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