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Introduction
Based on RAN1 study in past several meetings, there was significant progress in technique discussion and performance evaluation of Rel-19 NTN.  For some topics, the check points are approaching, which requires actions in RAN. In this contribution, we provide our views on scope on Rel-19 NTN scope.
Discussion
DL coverage enhancement  
For DL coverage enhancement, there are some potential schemes for system level study, including SSB periodicity extension, wide beams, cell DTX/DRX etc. 
In RAN1 #117 meeting, there was one agreed observation on evaluation of SSB periodicity extension.
	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...)



From this observation, most of results showed SSB periodicity extension will significantly improve DL coverage performance of NTN from system level. Without SSB periodicity extension, the coverage ratio for Set 1-2 is about 1.5%, which is unacceptable for realistic deployment.
During the discussions in RAN1, there was concern on UE backward compatibility in case of SSB periodicity extension. In our view, SSB periodicity extension is one optional UE capability. For legacy UEs, 20ms SSB period can be used, and for Rel-19 NTN UEs, network can configure longer SSB periodicity to allow these new UEs to access one satellite cell. Then depending on operator choice, one satellite cell can configure suitable SSB period to allow which kind of UE to access. For example, one mixed deployment can be applied in realistic case, in which one satellite cell can configure 20ms period to provide limited services in certain hot-spot areas to allow legacy UE to access, while in the rest of areas, one satellite cell can configure longer SSB periodicity to provide full coverage to allow Rel-19 UE to access. In this sense, there is no backward compatibility issue foreseen.
Observation 1: SSB periodicity extension can significantly improve DL coverage without backward compatibility issue.
During RAN WG discussions, some companies think that SSB periodicity extension is out of scope based on the note in the WID [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]

[…]

· Notes for this objective:
· SSB channel enhancement 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


Actually the intention of the note is to preclude link level enhancements on SSB channel, which is clearly described in the justification part of the WID as follows. However, system level enhancements on SSB channel are not precluded.
	
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.



Observation 2: The Note “SSB channel enhancement is not considered” in the WID is to preclude link level enhancements on SSB channel only. System level enhancements on SSB channel are not precluded.
To facilitate future RAN WGs discussions, it is proposed to clarify that SSB periodicity extension is within Rel-19 NR NTN WID.
Proposal 1: RAN to clarify that SSB periodicity extension is within Rel-19 NTN WID scope to facilitate the working group discussion.

HD-FDD (e)RedCap UEs   
For support of HD-FDD (e)RedCap UEs with NR NTN operating in FR1-NTN bands, there is a check point in Q2/2024 on whether any essential changes are needed according to the WID.
	2. 
3. 
4. 
5. Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands [RAN4, RAN1]
· For full-duplex FDD RedCap and eRedCap UEs, define the RF and RRM requirements [RAN4]
· 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]
· Notes for this objective:
· GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.



Based on RAN1 study, the following conclusions and observation were agreed in RAN1 #117.
	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



Based on above conclusions, at least priority rules for collision case 3 and case 4 should be enhanced for Rel-19 HD-FDD RedCap/eRedCap UE in NTN. In current specification, case 3 and case 4 are considered as error cases for TN. But  for NTN, it is not feasible due to larger collision probability caused by TA mismatch. Hence, necessary processing rules should be applied for these cases.
In addition, RAN1 observed that TA reporting is beneficial to mitigate the TA mismatch between UE and gNB. TA reporting is an optional capability for NTN UEs. In order to provide TA information to gNB, one potential consideration is to mandate NTN RedCap UEs to support TA reporting. Furthermore, the current TA reporting is not accurate enough. For example, current specification only supports 1ms minimum TA granularity and minimum triggering threshold is 0.5ms. Then the sum of TA error will reach 2ms, which may lead to unavoidable collision issue due to TA mismatch between UE and gNB. Finer TA reporting would be beneficial to reduce the impact of TA mismatch. Of course, frequent TA reporting may cause some issues in power consumption and complexity and it should be balanced in detailed design.
Proposal 2: Specify processing rules to resolve the collision issues of case 3 and case 4 and consider TA reporting enhancement. 

Uplink Capacity/Cell Throughput Enhancement  
For NR-NTN UL capacity enhancement, the following agreement and conclusion were agreed in RAN1 #117.
	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.




In order to save RAN WG time, it is proposed to conclude which OCC technique(s) are to be specified in Rel-19. We propose to support only one scheme considering the workload. Among the three candidates, inter-slot OCC is the simplest and with minimum spec change. Inter-symbol OCC requires new TBS design and resource mapping pattern in symbol level is also not flexible within one slot. Intra-symbol OCC is actually one FDM scheme with comb type resource mapping. The performance of intra-symbol OCC doesn’t show any gain over pure FDM scheme of multiple user transmission when the assigned resource is more than 2 PRBs. Hence, overall, in view of limited TU and controllable standardization efforts, we propose to specify the inter-slot time domain OCC up to 4 only..

Proposal 3: For Rel-19 NR-NTN UL capacity enhancement, specify inter-slot time-domain OCC with PUSCH repetition Type A with OCC length up to 4 only.
Summary
This contribution presented our views on NTN Rel-19 scope after the first stage study. From our perspectives the following items could be considered in Rel-19 work in late stage. 
Proposal 1: RAN to clarify that SSB periodicity extension is within Rel-19 NTN WID scope to facilitate the working group discussion.
[bookmark: _GoBack]Proposal 2: Specify processing rules to resolve the collision issues of case 3 and case 4 and consider TA reporting enhancement. 
Proposal 3: For Rel-19 NR-NTN UL capacity enhancement, specify inter-slot time-domain OCC with PUSCH repetition Type A with OCC length up to 4 only.
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