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At the RAN#91-e meeting, the work item “Solutions for NR to support non-terrestrial networks (NTN)” was revised, with the core part completion by March 2022 (RAN#95), and the RAN4 performance part by September 2022 (RAN#97) [1].
In this contribution, an updated work plan for the Rel-17 NR-NTN work item is proposed for RAN 1 , 2 & 3. 
 
WID Objective
The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air-to-ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios, e.g. HAPS, ATG.
· Earth fixed Tracking area is assumed with Earth fixed and moving cells.
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed
· Handheld devices in FR1 are supported (e.g. Power class 3)
· “VSAT” devices with external antenna (including fixed and moving platform mounted devices) at least in FR2 are supported for the RAN1-3 specifications. “VSAT” characteristics in TR 38.821 can be assumed for the RAN1-3 specifications.

The detailed objectives are to specify enhancing features to Rel-15 & Rel-16’s NR radio interface & NG-RAN as follows:

RAN1
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]

In addition, the following topics should be specified if beneficial and needed:
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode



RAN2

NOTE: offset based solutions for timer adaptations are assumed. 
The following user plane procedures enhancements should be specified (see TR 38.821)
· MAC
· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)
· Enhancement on UL scheduling to reduce scheduling latency.
· DRX: 
· If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure
· Scheduling Request: Extension of the value range of sr-ProhibitTimer 
· RLC
· Status reporting: Extension of the value range of t-Reassembly
· Sequence Numbers: extension of the SN space only for GEO scenarios 
· PDCP
· SDU discard: Extension of the value range of discardTimer.
· Sequence Numbers: extension of the SN space for GEO scenarios.

The following control plane procedures enhancements should be specified (see TR 38.821)
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].
· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)
· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]

Furthermore the following can be considered with 2nd priority
· Verify the applicability of existing Rel-16 ANR techniques to solve PCI confusion in order to support co-channel operation between HAPS & terrestrial networks and develop enhancements if needed [RAN2/3]



RAN3

The following NG-RAN architecture enhancements should be specified (see TR 38.821)
· to support feeder link switch over in Transparent payload architecture based LEO scenarios
· network identities handling
· registration update and paging handling
· cell relation handling and related features e.g. neighbours, ANR, RAN paging. 



Work Plan
For RAN1 WG
In this section RAN1 work plan for NR support non-terrestrial network WI is provided:
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April 2021, RAN1#104-bis-e, e-meeting
· Discuss detailed solution for UL time and frequency synchronization.
· Discuss detailed solution for timing relationship enhancements.

May 2021, RAN1#105-e, e-meeting
· Agree detailed solution for UL time and frequency synchronization.
· Agree detailed solution for timing relationship enhancements.
· Down-select polarization signaling options 

August 2021, RAN1#106, e-meeting
· Agree remaining details of the solution for UL time and frequency synchronization.
· Agree remaining details of the solution for timing relationship enhancements.
· Down-select HARQ enhancement options
· Conclude polarization signaling .

November 2021, RAN1#107, e-meeting
· Conclude HARQ enhancements 
· Agree remaining details on timing relationship enhancements, UL time and frequency synchronization and HARQ.


For RAN2 WG
In this section, the RAN2 work plan for NR support non-terrestrial network WI is provided:


April 2021, RAN2#113-bis-e, e-meeting
· 
· 
· 
· Further discuss Connected mode mobility

May 2021, RAN2#114-e, e-meeting
· Agree remaining details on MAC layer (including HARQ)
· Agree remaining details on RLC/PDCP
· Agree solution for idle mode mobility
· Discuss design alternatives on Connected mode
· Initial discussion on NTN/TN service continuity
· Identify potential adaptations with Location Services (LCS) application protocols for NR NTN

August 2021, RAN2#115, e-meeting
· Agree detailed solutions for idle mode mobility
· Agree solutions for connected mode mobility
· Discuss and Down-select solutions if needed of Connected mode
· Down-select, if needed, solutions for NTN/TN service continuity
· Down-select, if needed, potential adaptations with Location Services (LCS) application protocols for NR NTN Down-select solutions of HAPS enhancement
· Discuss design alternatives on HAPS enhancement

November 2021, RAN2#116, e-meeting
· Agree detailed solution for Connected mode
· Agree solution for NTN/TN service continuity
· Agree potential adaptations with Location Services (LCS) application protocols for NR NTN 
· Agree detailed solution for HAPS enhancement

February 2022, RAN2#117, e-meeting
· Agree remaining details for Connected mode
· Agree remaining details for NTN/TN service continuity
· Agree final details of potential adaptations with Location Services (LCS) application protocols for NR NTN 
· Agree remaining details for HAPS enhancement


For RAN3 WG
In this section, the RAN3 work plan for NR support non-terrestrial network WI is provided:

May 2021, RAN3#112, e-meeting
· Discuss the necessary NTN information for feeder link and satellite swith-over
· Discuss solution for network identities handling in case of quasi Earth fixed cells and Earth moving cells
· Discuss issues and possible solutions for registration update and paging handling
· Discuss issues and possible solutions for cell relation handling and related features (e.g. neighbours, ANR, RAN paging)

August 2021, RAN3#113, e-meeting
· Agree detailed solution for feeder link switch
· Agree detailed solution for network identities handling
· Agree detailed solution for registration update and paging handling
· Agree detailed solution for cell relation handling and related features (e.g. neighbours, ANR, RAN paging)

November 2021, RAN3#114, e-meeting
· Agree remaining details for feeder link and satellite switch-over
· Agree remaining details for network identities handling
· Agree remaining details for registration update and paging handling
· Agree remaining details for cell relation handling and related features (e.g. neighbours, ANR, RAN paging)
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