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1 Abstract

The objective of this document is to propose a prioritization of the standardisation effort on the study item FS_NR_NTN_solutions “Study on solutions for NR to support non-terrestrial networks (NTN)” and to update the study item description.
2 Current scope of FS_NR_NTN_solutions study item (RP-181598)
The objectives for this study item are, based on the outcomes of the TR 38.811, to study a set of necessary features/adaptations enabling the operation of NR protocol in non-terrestrial networks for 3GPP Release 16 with a priority on satellite access. UAS (including HAPS) based access could be considered as a special case of non-terrestrial access with lower delay/Doppler value and variation rate.

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]

 
Layer 2 and above, and RAN architecture
· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]

· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells
Note:

· This new study item does not address regulatory issues.
3 Focusing the standardisation effort of FS_NR_NTN_solutions
During the first meetings of the working groups on Rel.16 NTN quite some progress was made in identifying different scenarios and different architecture options. In the TR 38.821, six scenarios are considered as depicted in Table 4.2-1.
Table 4.2-1: Reference scenarios

	
	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


In terms of architecture options
· Transparent satellite based NG-RAN architecture
· Regenerative satellite based NG-RAN architectures

· gNB processed payload

· gNB-DU processed payload

· gNB processed payload based on relay-like architectures (Optional)

During the first meetings it was realized, that the solutions will largely depend on the different scenarios and architecture options. In other words, different solutions will have to be developed for each of the scenarios/architecture option. 
Unless the reference scenarios/architecture options are condensed, with the time units allocated to FS_NR_NTN_solutions, it will be difficult to complete the release 16 study item, providing all solutions for all aspects that are required to support NTN networks based on the NR air interface. This might endanger the timely start of a successive work item and the completion of the actual specification work required for NTN networks. 
In order to make the best use of the standardisation effort during release 16, the release 16 study item shall be limited to a reduced number of scenarios/architecture options. We propose to focus the scope of the release 16 NTN study to the most relevant scenarios, architectures and protocol enhancements. The proposals are made keeping in mind practical and commercial feasible satellite implementation in the time frame addressed by the release 16.  The detailed study of the deprioritised topics can be postponed in subsequent releases considering future technology enhancements. 
Proposal 1: The Release 16 NR-NTN solution SI scope should focus on reference scenarios A, C2 and D2

· GEO based non-terrestrial access network: transparent satellite

· LEO based non-terrestrial access network (moving beam on earth): transparent satellite and regenerative satellite
Proposal 2: For regenerative satellite based NG-RAN architectures the scope of the SI should be reduced to gNB processed payload (excluding gNB-DU or IAB node processed payload). 
Proposal 3: The Release 16 NR-NTN solution SI scope will not consider combined operation of GEO / LEO networks for idle mode (e.g. paging via GEO and connection via LEO). This could be first discussed at SA level.
The types of usage scenarios to be considered can also be limited.

Proposal 4: Targeted usage-scenarios with satellite access are pedestrian, stationary in building, on board vehicle, high speed train or airplanes. Stationary in building, on board vehicle, high speed train or airplanes usage-scenarios may require a relay UE. The focus of the Rel-16 study will be on pedestrian and on board vehicle usage-scenarios.
In addition multi connectivity involving NTN-based NG-RAN is an important use case for the satellite industry to enable improved throughput and/reliability is underserved areas. We suggest to consider this feature and explicitly mention it in the study item. 
Proposal 5: the following Multi connectivity (as per 3GPP TS 37.340; NR; Multi-connectivity; Overall description) cases shall be considered in priority at RAN level

· Multi connectivity involving NTN-based NG-RAN  (A or C2 scenarios) and terrestrial based NG-RAN access
· Multi connectivity involving two NTN-based NG-RAN access both according to D2 scenarios

Proposal 6: Revise the study item scope accordingly (see RP-182444).

4 Conclusion

Proposal 1: The Release 16 NR-NTN solution SI scope should focus on reference scenarios A, C2 and D2

· GEO based non-terrestrial access network: transparent satellite

· LEO based non-terrestrial access network (moving beam on earth): transparent satellite and regenerative satellite
Proposal 2: For regenerative satellite based NG-RAN architectures the scope of the SI should be reduced to gNB processed payload (excluding gNB-DU or IAB node processed payload). 

Proposal 3: The Release 16 NR-NTN solution SI scope will not consider combined operation of GEO / LEO networks for idle mode (e.g. paging via GEO and connection via LEO). 

Proposal 4: Targeted usage-scenarios with satellite access are pedestrian, stationary in building, on board vehicle, high speed train or airplanes. Stationary in building, on board vehicle, high speed train or airplanes usage-scenarios may require a relay UE. The focus of the Rel-16 study will be on pedestrian and on board vehicle usage-scenarios. 
Proposal 5: the following Multi connectivity (as per 3GPP TS 37.340; NR; Multi-connectivity; Overall description) cases shall be considered in priority at RAN level

· Multi connectivity involving NTN-based NG-RAN  (A or C2 scenarios) and terrestrial based NG-RAN access
· Multi connectivity involving two NTN-based NG-RAN access both according to D2 scenarios

Proposal 6: Revise the study item scope accordingly (see RP-182444).
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