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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
During RAN#80 meeting, the Rel.16 study item on solutions evaluation for NR to support Non-Terrestrial Network [1] was approved. The outcome of the study shall be captured in 3GPP TR 38.821 “Solutions for NR to support non terrestrial networks (NTN)”. 

The objectives from the SID within RAN2 scope are the following: 

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]

Based on initial discussion on scenarios in RAN3, this document proposes some requirements related to propagation delay, timing and mobility for the study in RAN2.
2. Discussion 
At RAN3#101 in Gothenburg first scenarios [2] and architectures [3] have been agreed. Table 4.1-1 in 3GPP TR 38.821 provides an overview of all possible NTN platforms. 
Table 4.1-1: Types of NTN platforms
	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 500 km

	Medium-Earth Orbit (MEO) satellite
	7000 – 25000 km
	
	100 – 500 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 1000 km

	UAS platform (including HAPS)
	8 – 50 km (20 km for HAPS)
	
	5 - 200 km

	High Elliptical Orbit (HEO) satellite
	400 – 50000 km
	Elliptical around the earth
	200 – 1000 km



Geostationary Earth Orbit (GEO)and Low-Earth Orbit (LEO) satellite systems have been selected as most important reference scenarios each with either a transparent satellite (gNB in the ground station connecting to the satellite that forwards the RF signal) or a regenerative satellite (decoding and recoding in the satellite with all or part of gNB onboard), see Table 4.2-1 in 3GPP TR 38.821. 
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
	Scenario C
	Scenario D



The maximum round trip time was captured in Table 4.2-2
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 562 ms (service and feeder links)
Scenario B: 281ms
	Scenario C: 25.76 ms (transparent payload: service and feeder links)
Scenario D: 12.88 ms (regenerative payload: service link only)



Proposal 1: The NTN radio protocol shall handle different propagation delays at least up to 562- ms for GEO satellites. 
For the regenerative scenarios there can also be a split scenario, where the gNB Central Unit (CU) is at the ground station and the onboard unit is limited to the gNB Distributed Unit (DU). Basically the radio protocol shall not prevent such architecture, while architecture decisions are up to RAN3. 
Proposal 2: The NTN radio protocol shall not prevent a “disaggregated NG-RAN” with Central Unit and Distributed Unit. 
Differently to GEO satellite, the non-GEO satellites move which impacts upon mobility. In one scenario, the physical cell coverage remains stationary while the satellite moves. A handover will need to be done only before the satellite disappears. In a second scenario, the physical cell coverage basically moves with the satellite over the area with more frequent handovers due to satellite mobility. Such mobility handling will be on top of the UE mobility handling that is anyway required. The mobility handling includes handover procedures for RRC Connected UEs, RAN notification area update procedures for RRC Inactive UEs and Tracking Area updates for RRC Idle UEs. Depending on orbit, moving LEO satellites move at speeds around 7 – 10 km/s. This means for fixed beams with beam sizes of 100 – 500 km a handover can happen every 10 seconds.
Proposal 3: The NTN radio protocol shall support UE mobility in RRC Connected, Inactive and Idle with fast moving satellite base station signals. 
The handover all of the UEs to another satellite causes be quite some signaling overhead and also results in the need of significant signaling capacity at certain times. RAN2 in collaboration with RAN3 should study candidate solutions for group mobility procedures for moving cells in the LEO satellite system scenario. 
Proposal 4: RAN2/RAN3 should study group mobility procedure for moving cell in LEO satellite system.
3. Summary 
Based on initial discussion on scenarios in RAN3 this document proposes the following requirements: 

Proposal 1: The NTN radio protocol shall handle different propagation delays at least up to 562ms for GEO satellites. 
Proposal 2: The NTN radio protocol shall not prevent “disaggregated NG-RAN” with Central Unit and Distributed Unit. 
Proposal 3: The NTN radio protocol shall support UE mobility in RRC Connected, Inactive and Idle with fast moving satellite base station signals.
Proposal 4: RAN2/RAN3 should study group mobility procedure for moving cell in LEO satellite system. 
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