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This document aims at proposing recommendations on the way forward for TR 38.821.
Discussion
Regarding Recommendations from RAN2:

Based on the study performed, Rel.15 and NR can support NTN scenarios with enhancements proposed below as part of the normative work.

User plane enhancements for NTN
The Rel-15’s user plane procedures apply to NTN with  the following specification enhancements to to be considered during the WI phase:
· MAC
· Random access
· Definition of an offset for the start of the ra-ResponseWindow for NTN and extension of the ra-ResponseWindow duration to support UE without location information.
· 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 in the case of GEO-NTN.
· Timing advance: TA calculation and signaling adaptation to deal with NTN maximum round trip delay in LEO and GEO scenarios for UEs with and without location information. 
· DRX: If HARQ is supported by NTN, an offset should be added for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· Scheduling Request: The value range of sr-ProhibitTimer should be extended 
· HARQ: 
· enabling / disabling of uplink HARQ feedback for downlink transmission at the UE receiver should be configurable on a per UE and per HARQ process basis. 
· enabling / disabling of HARQ uplink retransmission should be configurable on a per UE, per HARQ process and per LCH basis. The LCP impact caused by disabling the HARQ uplink retransmission configuration and its impact on UE’s uplink transmission should be discussed in the work item phase. 
· Multiple transmission of the same TB to lower residual BLER should also be considered.
· RLC
· Status reporting: the value range of t-Reassembly should be extended
· RLC Sequence Numbers: For LEO no extension of the SN space is required. For GEO an extension of the SN space will be discussed during the work item phase. 
· PDCP
· SDU discard: The value range of discardTimer, may be extended.
· Reordering and In-order Delivery : No impact is foreseen.
· PDCP Sequence Numbers: For LEO no extension of the SN space is required. For GEO an extension of the SN space will be discussed during the work item phase.
· SDAP: No impact is foreseen

The Rel-16’s user plane 2 step RACH procedure may be considered for NTN, since it enables to mitigate the larger propagation delay experienced in non-Terrestrial networks. Some enhancements to the specifications would be needed and evaluated/compared to the existing method and other enhancements:
· Preamble detection: assistance information, e.g., SFN index, should be included in MsgA to help network link the received preamble to the corresponding RACH Occasion.
· The trade-off between latency gain and UL overhead impact caused in NTN scenarios by the introduction of 2-step RACH procedure is for further study”.

Control plane enhancements for NTN
Earth fixed tracking area is recommended.
The Rel-15’s control plane procedures are considered as baseline for NTN.  The following enhancements are identified to be considered in the WI phase:
· Idle mode:
· The use of satellite Ephemeris information and/or UE location information
· Use earth-fixed tracking area to avoid frequent TAU
· NTN cell specific information in SIB
· Connected mode:
· Schemes to reduce service interruption during Hand-Over due to large propagation delay (especially in the case of GEO transparent)
· Schemes to tackle frequent handover and high handover rate due to satellite movement for LEO NTN
· Schemes to improve handover robustness due to small signal variation in regions of beam overlap
· Schemes to compensate for propagation delay differences in the UE measurement window between cells originating from different satellites, especially for LEO NTN

· The following mobility enhancements are foreseen to be necessary: 
· Enhancements to measurement configuration and reporting, 
· Additional CHO triggering conditions (e.g. location/time based), and adaptation of measurement-based thresholds and events to the NTN environment.
· Possible enhancements to mobility configuration (e.g. to support broadcast configuration)
· Assisted cell selection/reselection to address LEO/Earth moving cell solutions
· Service continuity for cell handover from TN to NTN and from NTN to TN systems

· Feeder link switchover 
· Definition of Soft and Hard feeder link switch types between different NTN GWs toward the same satellite. Soft feeder link switchover implementation is considered as first priority.

The solutions defined for Earth moving beam footprint option can also be applied to Earth fixed beam footprint option. No additional changes would be required for Earth fixed beam footprint option.

Other assumptions for NTN
The NTN study results also apply to GEO scenarios as well as all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km.
For other NTN scenarios with orbits less than 600 km for UAS, (including HAPS) scenario, no specific analyses have been performed during this study item. However, considering the characteristics of UAS such as delay (altitude), footprint size (differential delay) and Doppler identified in this study item, the same enhancements as LEO may be applicable for UAS because their values and variation rates are lower than LEO. The enhancements for LEO are not necessarily required for UAS scenarios when delay, footprint and Doppler can be similar or equivalent values with those of terrestrial network, but the detailed conditions were not discussed in this study item, as well. 
Proposal 1: For a potential normative phase, the considerations above should be reflected in the recommendations of the TR


Regarding Recommendations from RAN3:
There are no showstoppers to support transparent and regenerative satellite based NG-RAN architecture. As part of a potential normative work, transparent payload architecture could also be considered for LEO based satellite access.
Proposal 2: For a potential normative phase, LEO based satellite access with transparent and regenerative payload can be considered. This should be reflected in the recommendations of the TR.

Conclusion

Proposal 1: Reflect the above text in the TR 38.821 (See TP below)
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[bookmark: _Toc23404030]9.1	Recommendations from RAN1
Editor’s note: to be drafted by RAN1


[bookmark: _Toc23404031]9.2	Recommendations from RAN2
Editor’s note: to be drafted by RAN2

Based on the study performed, Rel.15 and NR can support NTN scenarios with enhancements identified below to be considered as part of the normative work.
In general,
· Offset based solutions for timer adaptations are preferred to support all NTN scenarios.
· Earth fixed tracking area is recommended.

The Rel-15’s user plane procedures apply to NTN with enhancements to the following features
· MAC
· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN and extension of the ra-ResponseWindow duration to support UE without location information.
· 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.
· Adaptations for UEs with GNSS capabilities; timing advance and msg3 scheduling.
· Timing advance: TA calculation and signaling adaptation to deal with NTN maximum round trip delay in LEO and GEO scenarios for UE with and without UE location information.
· DRX: 
· If HARQ feedback is enabled, an offset should be added for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure may be required
· Options for UE power saving for SR and CFRA can be discussed during work item phase
· Scheduling Request: Extension of the value range of sr-ProhibitTimer 
· HARQ
· enabling / disabling of uplink HARQ feedback for downlink transmission at the UE receiver should be configurable per UE and per HARQ process. 
· enabling / disabling of HARQ uplink retransmission should be configurable per UE or per HARQ process . The LCP impact caused by disabling the HARQ uplink retransmission configuration and its impact on UE’s uplink transmission should be discussed in the work item phase.
· Multiple transmission of the same TB to lower residual BLER should also be configured.
· RLC
· Status reporting: Extension of the value range of t-Reassembly
· Sequence Numbers: extension of the SN space only for GEO scenarios will be discussed during the work item phase
· PDCP
· SDU discard: Extension of the value range of discardTimer will be discussed during the work item phase.
· Sequence Numbers: extension of the SN space for GEO scenarios will be discussed during the work item phase.

The Rel-15’s control plane procedures apply to NTN with enhancements to the mobility management procedures when considering Earth moving beam footprint option.
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Use earth-fixed tracking area to avoid frequent TAU
· NTN cell specific information in SIB
· Connected mode: 
· Definition of schemes to reduce service interruption during Hand-Over due to large propagation delay (especially in the case of GEO transparent)
· Definition of schemes to tackle frequent handover and high handover rate due to satellite movement (e.g. LEO NTN)

· Definition of schemes to improve handover robustness due to small signal strength variation in regions of beam overlap
· Definition of schemes to compensate for propagation delay differences in the UE measurement window between cells originating from different satellites, especially for LEO NTN

· Other mobility enhancements: 
· Additional CHO triggering conditions (e.g. location/time based), and adaptation of measurement-based thresholds and events to the NTN environment.
· Possible enhancements to mobility configuration (e.g. to support broadcast configuration)
· Enhancements to measurement configuration/reporting (e.g. pre-triggering based solutions) 
· Service continuity for mobility from TN to NTN and from NTN to TN systems

· 
· 


The Rel-16’s user plane 2 step RACH procedure can be considered during the WI phase with possible enhancements:
· The required adaptations will be discussed during the WI phase, such as inclusion of assistance information, e.g., SFN index, in MsgA etc.
· The trade-off between latency gain and UL overhead impact caused in NTN scenarios by the introduction of 2-step RACH procedure can be further discussed during the normative work.


NOTE: The consideration of Earth fixed beam scenarios impact on the specification will only be addressed after the comparison of Earth moving and fixed beams has been concluded.

[bookmark: _Toc23404032]9.3	Recommendations from RAN3
There are no showstoppers to support any identified architecture options in clause 8:
· Transparent satellite based NG-RAN architecture
· Regenerative satellite based NG-RAN architectures

The Regenerative satellite based NG-RAN architectures with gNB processed payload based on relay-like architecture was not studied due to the pending work on IAB support (WI IAB_NR). 

For a potential normative phase, it is proposed to focus on the following
· GEO based satellite access with transparent payloads
· LEO based satellite access with transparent or regenerative payloads
No specific issues have been identified to support the split regenerative payload case (gNB-DU on board) ; some protocol adaptation may be needed in a potential normative phase. 
In case, the architecture option based on relay-like architecture (IAB) needs to be supported in non-terrestrial networks, further study will be needed.

9.4	Other assumptions
The NTN study results apply to GEO scenarios as well as all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km.
For other NTN scenarios with orbits less than 600 km as UAS (including HAPS) scenario, no specific analyses have been performed during this study item. However, considering the characteristics of UAS such as delay (altitude), footprint size (differential delay) and Doppler identified in this study item, the same enhancements as LEO may be applicable for UAS because their values and variation rates are lower than LEO. The enhancements for LEO are not necessarily required for UAS scenarios when delay, footprint and Doppler can be similar or equivalent values with those of terrestrial network, but the detailed conditions were not discussed in this study item, as well.
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