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Abstract
The objective of this document is to complement the chap 7.3 with the identification of potential areas of NR impact associated to the RAN architecture supporting non-terrestrial networks.


Proposed text for approval

It is proposed the following modifications to TR 38.811 “Study on NR to support Non-Terrestrial Networks” v0.4.0.


* * * Start of changes * * * * (added text in red)

7.3.1	Methodology
….

Table 7.3-1: Areas of impacts on NR to support Non-Terrestrial networks
	Non-Terrestrial network specifics
	Effects
	Impacted NR features

	Motion of the space/aerial vehicles (especially for Non GEO based access network)
	Moving cell pattern
	Hand-over/paging

	
	Delay variation
	TA adjustment

	
	Doppler
	Init synchro downlink

	
	
	DMRS time density

	Altitude
	Long latency
	HARQ

	
	
	MAC/RLC Procedures

	
	
	Physical layer Procedures (ACM, power control)

	Cell size
	Differential delay
	TA in Random access response message

	
	
	RACH

	Propagation channel
	Impairments
	DMRS frequency density

	
	
	Cyclic prefix

	Duplex mode
	Regulatory constraints
	Access scheme (TDD/FDD)

	Satellite or aerial Payload performance
	Phase noise impairment
	PT-RS

	
	Back-off
	PAPR

	Network architecture
	RAN Mapping
	Protocols



* * * End of Changes * * * *



* * * Start of changes * * * * (added text)

7.3.8	Network architecture

7.3.7.1  Protocols

7.3.7.1.1 Problem statement
Non-Terrestrial networks differ from typical cellular networks in terms of network architecture, deployment scenarios as well as coverage which may span across several countries.
Potential impacts on the NR specifications could be minimized through suitable mapping options of the Logical NG RAN architecture onto the NTN network architecture.
The respective NG-RAN logical architecture and the NTN network architecture are depicted below. The area of impacts associated to the NG-RAN mapping options need to be identified.
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Figure 1: 3GPP NG-RAN (or NR radio access) architecture defined in TS 38.401
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Figure 2: Typical Non-Terrestrial network physical architecture

Furthermore, when dealing with mobility of UEs, one should distinguish:
· The mobility induced by the motion of the NTN platform, in particular when considering Non-Geostationnary Satellites;The mobility of the terrestrial equipment:
·  when moving from one  beam to another beam  generated by a satellite or a HAPS
· The mobility of UE between beams generated by different satellites or HAPS
· The mobility of UE between NTN (Satellite or HAPS) and cellular access

Location update, paging and hand-over RAN related protocols may need to be adapted to accommodate
· The extended delay of NTN for intra NTN access mobility
· The differential delay when mobility between satellite access and cellular access
· The mobility of the cell pattern generated by non geo-stationary satellites 

7.3.7.1.2.	Assessment of conditions for NR operation in Non-Terrestrial Networks
RAN architecture mapping
There are several options to instantiate the RAN architecture in Non-Terrestrial networks. It depends on whether the satellite or HAPS implement a bent pipe payload or a processed payload. This leads to the following mapping options that prevent the need to create new interfaces or reference points:

Table 2: RAN architecture mapping options in Non-Terrestrial networks
	Satellite/HAPS payload
	 NG RAN architecture

	Bent pipe
	Mapping option 1

	Processed – low
	Mapping option 2

	Processed - high
	Mapping option 3



A bent pipe satellite/HAPS payload implements Radio frequency conversion, analogue filtering and amplification. A processed payloads implements some RAN functions. The type of gNB functions that can be embarked will be constraints by the available power and mass on board satellite/HAPS.
Here under are depicted different mapping options of the logical NG RAN architecture onto the physical architecture of Non-Terrestrial networks which prevents to modify the NG RAN architecture.
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Figure 3: Mapping option 1 - NG RAN architecture in Non Terrestrial network with bent pipe payload
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Figure 4: Mapping option 2 - NG RAN architecture in Non Terrestrial network with gNB-DU processed payload

Note: SRI refers to Satellite Radio Interface
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Figure 5: Mapping option 3 - NG RAN architecture in Non Terrestrial network with gNB processed payload

The table below highlights the difference in terms of interfaces transported by the satellite links and NG RAN functions implemented in the NTN physical entities.
  
Table 3: Mapping options of the logical architecture of NR RAN onto the physical architecture of Non-Terrestrial networks
	Mapping options
	Satellite/HAPS Service link
	Satellite/HAPS feeder link
	Terminal side
	Network side

	1 –Bentpipe payload
	NR-Uu radio interface
	NR-Uu radio interface
	UE
	NTN Remote Radio Unit + gNB

	2 –Processed payload (gNB-DU)
	NR-Uu radio interface
	F1 over Satellite radio interface (SRI)
	UE
	NTN Remote Radio Unit + SRI modems + gNB-CU

	3 –Processed payload (gNB)
	NR-Uu radio interface
	N1, N2, N3 over Satellite radio interface (SRI)
	UE
	NTN Remote Radio Unit + SRI modems



Given that Non-terrestrial networks feature longer propagation delays, the timers associated to the protocols transported over the feeder and service links may require to be extended. This applies for example to F1 as well as N1, N2 and N3 reference points.
In mapping option 1, the Satellite or HAPS implements an RF repeater (with frequency conversion), whereas in mapping option 2, they implement some kind of “intermediate” node which could be based on the outcomes of  3GPP TR 38.874: "Study on Integrated Access and Backhaul”.
It is recommended to consider the outcome of this TR38.874 and see how it can be applicable to Non-Terrestrial networks (especially for NTN deployment scenarios 2 and 3) and what areas of impact it may create.Other mapping options may be considered depending on different CU-DU lower layer split for NR that may be defined (See TR 38.816).

Location update, paging and hand-over RAN related protocols The table below identifies the possible areas of impact on NR associated to Location update, paging and hand-over RAN related protocols in different types of non-terrestrial networks.
Table 4: Potential areas of impact on NR specifications associated to Location update, paging and hand-over RAN related protocols for different types of non-terrestrial networks
	NTN Deployment scenarios
	GEO
	Non GEO
	HAPS

	Cell pattern
	Earth fixed : same as in cellular
	Motion over earth or earth fixed
	Motion over earth (e.g. rotating) & 
Possibly UE altitude dependent

	Tracking area
	Tracking area congruent with cell pattern : same as in cellular
	For further study
	Same as for GEO and cellular networks

	Potential areas of impact on NR specifications
	Mobility management procedures (Paging, hand-over, location update): Potential extension of some timers
	Location update, paging and hand-over RAN related protocols to be adapted depending on tracking area design
Handling of network identities to be adapted
	Case 1: tracking area corresponds to HAPS coverage: no impact
Case 2: Tracking area smaller than HAPS total coverage, same impact as for Non GEO are expected



7.3.7.1.3.	NR impact considerations
Thanks to suitable mapping options of the logical architecture of NG RAN onto the physical architecture of non terrestrial network, modifications of the NG RAN architecture are not needed in terms of reference points, interfaces or functions.
However the N1/N2/3 and GTP based F1 interface protocols may need to be adapted to accommodate the non terrestrial networks feeder link characteristics (long delay, BER).Depending on the non-terrestrial network deployment scenarios, other impacts on NR specification may have to be considered among which, location update, paging and hand-over RAN related protocols and handling of network identifies. 
Last, it may be considered how the architecture being defined in 3GPP TR38.874 “Study on Integrated Access and Backhaul” can be used in the context of various Non-Terrestrial networks deployment scenarios.

* * * End of Changes * * * *
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