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Introduction
This document proposes a number of revisions to the on-going RAN2 led Rel-19 NR-NTN-ph3 WID.

Discussion
Downlink coverage enhancements

In the NR_NTN_ph3 WID (see RP-240775), the objectives includes the target to study and specify if beneficial downlink coverage enhancements in link level and system level for NTN. This is reflected in the justification of the WID :

	DL coverage enhancements can be considered at both
· Link level to improve the link margin of selected physical channels in order to accommodate the EIRP reduction in FR1-NTN. A link margin improvement for physical channels (e.g. PDSCH and PDCCH) may be considered without impact on SSB design.
· System level to support an efficient dynamic and flexible power sharing between beams or different beam pattern/size (i.e., wide or narrow) across the satellite foot print for FR1-NTN and FR2-NTN.



It has always been the intention to consider all potential system level enhancements without precluding any.

In RAN1 discussion, there has been inconsistent understanding on whether the SSB periodicity extension (system level enhancement) belongs to the scope of the work which has delayed the progress of RAN1 study on DL coverage enhancement. 

Therefore, it is necessary to further clarify in the objective of the WID that enhancements at system level (among which « SSB periodicity extension ») are not precluded.

Proposal 1.1 : Modify the following sub-objective as follow
1. [bookmark: _Hlk153196886]Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· …
· Notes for this objective:
· SSB channel enhancement for improved link level performance is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study


Uplink Capacity/Throughput Enhancement

In RAN1#117, chair’s note, the following can be read :
	Agreement
For the normative phase, at least one of the OCC techniques will be specified:
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4
· Inter-symbol(s) time domain OCC with OCC length 2 or 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4
· FFS Combination of OCC techniques including multiplexing of 8 UEs
· FFS Use of OCC techniques with TBoMS
· FFS Backward compatibility with non-Rel-19 UEs
Conclusion
OCC with PUSCH can support at least multiplexing of 2 or 4 UEs and achieve up to 2 or 4 times capacity gains respectively, when repetitions are used.
Note: the actual gain may be less due to e.g. intra/inter cell interference.



Given that study phase is completed, in view of the above, it is suggested to revise the WID as follow :

Proposal 2.1 : Modify the following sub-objective as follow
2. Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Down-select and specify one of the following Orthogonal Cover Codes (OCC) techniques to enhance DFT-s-OFDM PUSCH:
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4
· Inter-symbol(s) time domain OCC with OCC length 2 or 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design


Furthermore, it should be clarified that the enhancements applies to the cell throughput instead of the UE communication throughput.

Proposal 2.2 : Modify the following sub-objective as follow « Uplink Capacity/Cell Throughput Enhancement »

Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN

In RAN1#117, chair’s note, the following can be read :
	Conclusion
For Rel-19 HD-FDD RedCap/eRedCap UE in NTN, the issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB should be mitigated for collision cases 3 and 4.
· Note: further discussion on other cases is not precluded
Conclusion
For collision cases 1, 2, 5 and 6, the existing priority rules can be reused for a HD-FDD (e)RedCap UE in NTN. 
Observation
TA reporting is beneficial to mitigate the TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB for HD-FDD RedCap/eRedCap UE in NTN from RAN1 perspective. 
· Note: complexity, power consumption and signaling overhead impact of TA reporting for (e)redcap UEs was not investigated in this work item



Where
· Collision case 3 refers to « Semi-statically configured DL reception collides with semi-statically configured UL transmission » 
· Collision case 4 refers to « Dynamically scheduled DL reception collides with dynamic scheduled UL transmission »
Hence the need for RRM enhancements is limited to the support Collision cases 3 and 4. Consequently, the WID can be revised as follow :

Proposal 3.1 : Modify the following text as follow
· For HD-FDD RedCap UEs and eRedCap UEs :, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Specify the processing rules to mitigate issues caused by TA mismatch at least for the following collision cases [RAN1]:
· Semi-statically configured DL reception collides with semi-statically configured UL transmission 
· Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Define the RF and RRM requirements for UE [RAN4]


Support of regenerative payload

In RAN2#126, satellite switch with re-sync (i.e. PCI unchanged) has been discussed since it avoids the signalling overhead associated to L3 hand-over procedure, hence UEs only need to perform UL/DL synchronization to target satellite. In the chair’s note, companies are invited to bring the discussion to RAN on whether this scheme should be explicitly stated in the WID scope. See extract of the chair’s note :

[image: ]

The satellite switch with re-sync is already supported for transparent payload where the satellite change and gNB is unchanged.
For regenerative payload, this would require to transfer a part or the whole UE context from the source to the target gNB (on-boarded).

Satellite switch with re-sync is actually a sub case of Inter gNB mobility and should not be precluded from the discussion. Therefore, we propose the following :

Proposal 4.1 : Modify the following text as follow
3. [bookmark: _Hlk153358806]Support of regenerative payload [RAN3, RAN2, RAN4]
· Specify the support of gNB on board in TS 38.300
· Specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. [RAN3, RAN2]
· Note: if any additional necessary stage-3 specifications impact for e.g. NGAP is identified, RAN3 will handle it.

Conclusion

The below proposals are for approval and should be reflected in the RAN2 led Rel-19 NR-NTN-ph3 WID.

Proposal 1.1 : Modify the following sub-objective as follow
4. Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· …
· Notes for this objective:
· SSB channel enhancement for improved link level performance is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study

Proposal 2.1 : Modify the following sub-objective as follow
5. Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Downselect and specify one of the following Orthogonal Cover Codes (OCC) techniques to enhance DFT-s-OFDM PUSCH:
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4
· Inter-symbol(s) time domain OCC with OCC length 2 or 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design

Proposal 2.2 : Modify the following sub-objective as follow « Uplink Capacity/Cell Throughput Enhancement »

Proposal 3.1 : Modify the following text as follow
· For HD-FDD RedCap UEs and eRedCap UEs :, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Specify the processing rules to mitigate issues caused by TA mismatch at least for the following collision cases [RAN1]:
· Semi-statically configured DL reception collides with semi-statically configured UL transmission 
· Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Define the RF and RRM requirements for UE [RAN4]


Proposal 4.1 : Modify the following text as follow
6. Support of regenerative payload [RAN3, RAN2, RAN4]
· Specify the support of gNB on board in TS 38.300
· Specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. [RAN3, RAN2]
· Note: if any additional necessary stage-3 specifications impact for e.g. NGAP is identified, RAN3 will handle it.
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R2-2405021 Support of regenerative payload CMCC discussion Rel-19 NR_NTN_Ph3-Core
Observation 1: PCI unchanged solution is beneficial for signaling overhead reduction in NTN system due to without L3 mobility.
Proposal 2: To support PCI unchanged for regenerative payload with gNB on board, keeping same security key between source
satellite gNB and target satellite gNB based on ISL coordination is demanded.
- LG wonders if different satellites can use the same PCIl. CMCC thinks this is possible
- Nokia thinks satellite switch with resync could be supported in this case, but with impacts on
RAN3 and SA3 (and this would probably need a new WI). Ericsson agrees
- Thales thinks we should support this feature in a clean way, involving RAN3 and SA3. CMCC
agrees
- Ericsson thinks we should not support satellite switch with resync with regenerative payload
- Ericsson thinks that the possible involvement of other groups needs to be discussed in the
plenary. LG agrees

= Companies interested to support satellite switch with resync with regenerative payload
are invited to bring this discussion to the RAN plenary




