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Introduction
The Rel-19 Work Item Description (WID) entitled “Non-Terrestrial Networks (NTN) for NR Phase 3” includes the following objectives touching upon RAN1 [1]. 
	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]


	2. Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]


	5. Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands [RAN4, RAN1]
· 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]


In this contribution we summarize our views towards the discussions and checkpoint to take place during RAN# 104 on the above-mentioned Rel-19 objectives for NR-NTN. 
Discussion
Downlink Coverage Enhancements for NR-NTN
During RAN1#117, the following observation were made within the discussions of NR-NTN downlink coverage enhancements:
	Observation
Based on the results of DL coverage ratio evaluation at system level collected from 7 sources for all the three LEO600km satellite parameter sets where the beam footprint diameter is 50 km:
· For Set 1-1/1-3, the coverage ratio can be improved from 10% to 100% if the SSB periodicity is increased from 20ms to 80ms and beam hopping is applied
· For Set 1-2, the coverage ratio can be improved from 1.5% to 96.8% if the SSB periodicity is increased from 20ms to 320ms and beam hopping is applied.
· Note: coverage ratio is N2+N3/ total beam footprints
· Note: the baseline assumes no beam hopping. TDM between SIB1 and SIB19 is assumed in those results, following current specs.
Based on the results of DL coverage ratio evaluation at system level collected from 3 sources for a deployment scenario implementing wide beam footprint:
· 1 source reports that with a deployment of wide beam covering 4 narrow (of 50km size) beams, which means Set 1-2 FR1 with additional EIRP reduction of 6dB, using SSB periodicity of 80 ms can provide coverage ratio of 96.8%, and Set 1-1/1-3 FR1 with additional EIRP reduction of 6dB, SSB periodicity of 80 ms can provide coverage of 100%.
· 1 source observed that for Set 1-1, 1-2 and 1-3, the coverage ratio can be improved from 1.5% to 100% using the legacy default SSB periodicity of 20ms during initial access, by choosing a wide beam footprint with beam footprint sizes of 84 km and 56 km respectively. 
· Note: the PDCCH and the PDSCH for SIB19 is assumed to be transmitted within 2 OFDM symbols and 5 MHz bandwidth. the PDSCH for SIB1 is assumed to be transmitted within 3 OFDM symbols and 5 MHz bandwidth. This assumes no SIB1 and SIB19 transmission in N2 beam footprints. This assumes non-aligned SFN timing across different beams.
· 1 source observed, for Set 1-1 with increased beam size, that the legacy SSB periodicity of 20ms during initial access is usable with NTN beam hopping, by choosing a deployment scenario implementing wide beam footprint with beam footprint sizes of 70.7 km and 86.6 km, leading to a total of 529 and 353 beam footprints within the satellite coverage area, respectively, and the coverage ratio is 80% and 90%, respectively, and a ratio of simultaneously active beam footprints to the total number of beam foot prints equal to 20% and 30%. 
· Note: Beam footprint size is increased by increasing only the adjacent beam spacing without increasing the 3dB beamwidth.
Note: RAN1 will further investigate the impact of SSB periodicity extension
Note: Any needed clarification “SSB channel enhancement is not considered” in the WID is up to RAN plenary
Note: RAN1 will further investigate the impact of wider beam of SSB and/or other channels on performance (e.g. link budget, capacity...)



In particular, the second “Note” under the above observation states “Any needed clarification “SSB channel enhancement is not considered” in the WID is up to RAN plenary”. The reason for including this note as part of the observation is because there are different views about it: i.e., in the view of some companies changing the SSB periodicity is not seen as an SSB enhancement whereas in the view of some other companies this is seen as an SSB enhancement. Thus, whether the statement “SSB channel enhancement is not considered” encompasses the possibility of changing the SSB periodicity during initial access has been left up to RAN Plenary to clarify. 

[bookmark: _Toc168944547]For an NR-NTN beam hopping based deployment, supporting SSB periodicities longer than 20ms can be beneficial (e.g., in terms of deployment flexibility) and can be supported if the corresponding technical aspects are carefully investigated.

HD-FDD (e)Redcap UEs for NTN
The Rel-19 Work Item Description (WID) entitled “Non-Terrestrial Networks (NTN) for NR Phase 3” includes the following objective touching upon RAN1 [1]:
	· 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]


During RAN1# 117, the following conclusions were reached:
	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. 


[bookmark: _Toc168944544]For Rel-19 HD-FDD (e)RedCap in NTN, from among all the “collision cases” that exist in terrestrial networks, only two of them (i.e., case 3 & 4) are associated with “error cases,” whereas all other cases have “prioritization rules” well defined. 
[bookmark: _Toc168944545]In line with the previous observation, RAN1 concluded that 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 (existing priority rules for other collision cases can be reused). 
[bookmark: _Toc168944546]The “Note” under the potential work to be done for collision cases 3 and 4, means that if RAN1 end-ups with an enhancement for cases 3 and 4 that somehow is also beneficial for other cases, then we can further discuss to apply it to other cases.
Based on the conclusion reached by RAN1 and towards any follow-up work to be done on HD-FDD (e)Redcap UEs for NTN, we have the following proposal:
[bookmark: _Toc168944548]For Rel-19 HD-FDD RedCap/eRedCap UE in NTN, towards any follow-up work and in line with RAN1 conclusions: 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 (existing priority rules for other collision cases can be reused).
Uplink Capacity/Throughput Enhancements for NR-NTN
The Work Item Description [1] states that the study phase of the objective “Uplink Capacity/Throughput Enhancement for FR1-NTN” is targeted to be completed by RAN#104. At RAN1#117, the following was agreed:
	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



Thus, RAN1 has concluded that OCC with multiplexing of up to four UEs should be specified. The particular OCC scheme(s) to use is still to be decided, among the three OCC scheme categories listed in the agreement. Combinations of schemes to achieve OCC multiplexing of up to eight UEs is for further study. We therefore propose that RAN confirms that RAN1 should go ahead with specification of OCC multiplexing of up to four UEs, with down-selection in RAN1 among the OCC scheme categories listed in the agreement.
[bookmark: _Toc168944549]For UL capacity/throughput enhancements in NR-NTN, RAN1 to specify support for OCC multiplexing of up to four UEs. Down-selection of the OCC scheme(s) to use is to be performed by RAN1.
[bookmark: _Hlk168908245]Regarding OCC multiplexing of more than four UEs using combinations of the candidate OCC schemes, system level simulations [3] have indicated that inter-cell interference with OCC multiplexing of eight UEs might have significant impact on CINR. Before considering OCC multiplexing of more than four UEs, further studies are therefore needed in RAN1 on the impact of interference on system level capacity. Due to the increased interference levels, co-existence with TN should also be studied in RAN4.
[bookmark: _Toc168944550]For UL capacity/throughput enhancements in NR-NTN, before considering OCC multiplexing of more than four UEs, RAN1 should study the impact of intra-cell and inter-cell interference on system level capacity.
[bookmark: _Toc168944551]For UL capacity/throughput enhancements in NR-NTN, before considering OCC multiplexing of more than four UEs, RAN4 should study the co-existence with terrestrial networks.
Conclusion
In the previous sections we made the following observations: 
Observation 1	For Rel-19 HD-FDD (e)RedCap in NTN, from among all the “collision cases” that exist in terrestrial networks, only two of them (i.e., case 3 & 4) are associated with “error cases,” whereas all other cases have “prioritization rules” well defined.
Observation 2	In line with the previous observation, RAN1 concluded that 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 (existing priority rules for other collision cases can be reused).
Observation 3	The “Note” under the potential work to be done for collision cases 3 and 4, means that if RAN1 end-ups with an enhancement for cases 3 and 4 that somehow is also beneficial for other cases, then we can further discuss to apply it to other cases.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For an NR-NTN beam hopping based deployment, supporting SSB periodicities longer than 20ms can be beneficial (e.g., in terms of deployment flexibility) and can be supported if the corresponding technical aspects are carefully investigated.
Proposal 2	For Rel-19 HD-FDD RedCap/eRedCap UE in NTN, towards any follow-up work and in line with RAN1 conclusions: 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 (existing priority rules for other collision cases can be reused).
Proposal 3	For UL capacity/throughput enhancements in NR-NTN, RAN1 to specify support for OCC multiplexing of up to four UEs. Down-selection of the OCC scheme(s) to use is to be performed by RAN1.
Proposal 4	For UL capacity/throughput enhancements in NR-NTN, before considering OCC multiplexing of more than four UEs, RAN1 should study the impact of intra-cell and inter-cell interference on system level capacity.
Proposal 5	For UL capacity/throughput enhancements in NR-NTN, before considering OCC multiplexing of more than four UEs, RAN4 should study the co-existence with terrestrial networks.
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