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1	Introduction
At RAN #101 the potential release 19 work item for NR NTN was discussed. In this document we provide our view on possible objectives. 
2 Discussion	
2.1 Support of RedCap for NTN
In [1] the following conclusion on RedCAP NTN support can be found
RedCap for NTN is considered as one potential focus objective for the Rel-19 WI and further objective details will be discussed during the next steps.
RedCap exists for both FR1 and FR2, but as FR2 in NTN requires VSAT, we can limit the scope of RedCAP in NTN to FR1.
Proposal 1: limit the work on RedCAP over NTN to FR1 in Rel-19.
While a lot of the NTN functionalities are naturally inherited from NR there are some aspects that warrant special consideration:
· 1 Rx UE support
· Support of Non cell Defined SSB (NCD-SSB)
· Half Duplex Operation
· Number of supported HARQ processes
· HARQ feedback disabling
· Simultaneous NR + GNSS operation
1-Rx support will only impact RAN4 work (and will lead to reduced performance compared to an NR device with 2Rx). Both RF and RRM requirements need to be specified. 
As the bandwidth of NTN in FR1 is expected to be limited, there is no need for NCD-SSB for NTN. 
The impact of Half Duplex operation in NTN needs to be studied, requiring time in RAN1 and RAN2.
For RedCap devices, it will be beneficial to discuss the assumptions regarding the number of supported HARQ processes and whether HARQ feedback disabling is possible. As RedCap is part of NR it would be natural to follow the choices of NR.
It should also be clarified whether a RedCap NTN device supports simultaneous use of the 3GPP modem and GNSS or not. 
Proposal 2: RAN TSG to include support for RedCAP UEs in Rel 19 NTN work, including at least RAN4 requirements for 1Rx UEs and a study of RAN1/2 aspects, including half duplex operation, number of supported HARQ processes, HARQ feedback disabling, and support of simultaneous NR+GNSS. 

2.2 Regenerative Payload
In [1] the following is written on regenerative payload:
Conclusion: 
Regenerative payload with full gNB is considered as one potential focus objective for the Rel-19 WI and further objective details will be discussed during the next steps. 
Split architecture with DU only is for further discussion if this could also be considered in Rel-19
In addition to the necessary Stage-2 CR to 38.300, the fact that the gNB is on board the satellite brings a couple of new issues that will require Stage-3 work, like the fact that the NG contexts in the AMF need to be updated regularly due to movement of the satellites and the corresponding addition and removal of the NG interface. Therefore, RAN would need to look into an NG removal procedure. Furthermore optimizations in signaling should be considered when sequential gNBs serve a certain area.
Proposal 3: Specify regenerative payload with full gNB on board, including Stage-3 RAN3 issues like NG removal procedure and considering signalling optimisations.
Furthermore also SA2 has an objective related to regenerative payload [2]:
WT1: Regenerative payload generic architecture study
      WT-1.1: Study and identify any impacts on 5GS and EPS for the scenario with gNB/eNB embedded on the satellite.
Proposal 4: RAN to ensure coordination with SA2 on the regenerative payload objective.

2.3 Coverage Enhancements for the downlink
Power is a scarce resource at satellites and therefore satellite operation of NR needs to be power-optimised. At the same time, satellites may have many cells over which the power needs to be distributed. The option of lowering the output power of all beams is not attractive as it limits the coverage in the downlink, and a more attractive option is to use beam hopping.
TR38.821 shows in Table 6.1.1.1-1 that for LEO set 1 at 600 km in FR1, the nominal EIRP density per beam of a 50 km diameter is 34 dBW/MHz, which leads to 41 dBW per beam with 5 MHz bandwidth. Table 1 shows the impact of limited power at the satellite by showing the percentage of beams which can be active at the same time for two maximum amounts of satellite transmission power (50 dBW and 56 dBW).
[bookmark: _Ref152055673]Table 1 The percentage of active beams and user throughput scaling for different number of beams and maximum transmission output power per satellite when using 41 dBW per beam.
	
	
	max satellite transmission power of 50 dBW
	max satellite transmission power of 56 dBW

	Beams per satellite
	Total required power per satellite (dBW) when all beams are active with 41 dBW
	Percentage of active beams 
	User throughput scaling
	Percentage of active beams 
	User throughput scaling

	16
	53
	50%
	50%
	100%
	100%

	32
	56
	25%
	25%
	100%
	100%

	64
	59
	12,5%
	12,5%
	50%
	50%

	128
	62
	6,3%
	6,3%
	25%
	25%

	256
	65
	3,1%
	3,1%
	12,5%
	12,5%

	512
	68
	1,5%
	1,5%
	6,3%
	6,3%

	1024
	71
	0,8%
	0,8%
	3,1%
	3,1%



The Table shows that the percentage of beams which can be active gets very low for satellites with a large number of beams and low maximum transmission power. The table also shows the effect on the user throughput from the beams not being active all the time. A user downloading a large file on a satellite with 1024 beams with 50 dBW maximum transmission power sees its throughput cut to below 1%.
Observation 1: time sharing of power between beams has an impact on the user throughput.
Observation 2: the effect is largest for satellites with a large number of beams and limited transmission power.
In order to compensate for loss in throughput, two aspects should be studied:
1. A flexible beam hopping framework such that the beam hopping pattern can follow the traffic densities, i.e. cells with less traffic more often off and vice versa.
2. Link margin improvements of the DL physical channels to make them more robust at lower SNR values to enable a possible reduction of power per beam to have more beams active at the same time.
For the first point, some mechanisms have been introduced in the Rel-18 NR network energy savings WI [3], and those mechanisms should be considered to solve this point.
We propose that objectives for DL NTN coverage enhancements should have the following scope in Rel-19:
· Study system level support of dynamic and flexible beam hopping through network energy savings features and, if needed, specify enhancements for NTN.
· The SSB designs should not be changed. 
· Study and identify which DL physical channels need to be enhanced and how much gain should be provided.
· Specify if needed, i.e. if there is a gap between the physical channel and the SSB, enhancements to provide the required gain.
· Priority should be on LEO satellites.
Proposal 5: Study DL coverage enhancements and specify enhancements if benefits are shown for NTN, with the above scope.

2.4 Robust Notification/Alert
In [1] has the following conclusion on robust notification/alert 
	Conclusion:
Robust Notification/Alert for paging with no modification to SSB is considered as one potential focus objective for the Rel-19 WI and further objective details will be discussed during the next steps.



Whether or not this objective is included depends on the overall TUs available for the NTN topic. 
The stated goal of this objective is to reach UEs which are in NLOS and which cannot be reached through normal paging, so robust notification/alert can be seen as a missed paging indication. One important issue is that the false alarm rate should be extremely low, as the annoyance factor of being notified of a missing paging message is large, as such a notification may lead to the user taking the phone to a place with better coverage, i.e. moving outside, moving a phone out of a backpack, etc. Therefore, it needs to be ensured that the user performs the actions of e.g. moving the phone to a place with better coverage only when strictly necessary.
Observation 3: the robust paging notification/alert should be designed such that the false alarm is extremely low, as the annoyance factor of false alarm is large.
As the false alarm rate should be very low it means that the notification/alert procedure should be UE-specific.
Observation 4: in order to keep the false alarm rate low, the robust notification/alert procedure should be such that it only alerts the addressed UE. 
Proposal 6: the robust notification/alert must be designed such that it only alerts the addressed UE. 
It should also be noted that there can be many reasons for missed paging, not only being in NLOS conditions. For example, the paging area may be wrong. Therefore the UE identity needs to be UE-specific over a wide area. SA should determine the exact requirements and ID to be used. 
Observation 5: NLOS conditions are not the only reason why paging may be missed. The paging area also needs to be considered.
Proposal 7: requirements for a notification/alert should be provided by SA, including the details of the UE identity to be signalled. 
Finally, if this objective were to be included, some constraints are important:
1. The NR SSB should not be modified, in order to avoid impacting legacy UEs and to minimise additional overhead. 
2. Implementation impact should be considered as well as specification impact. 
Proposal 8: If the robust notification/alert were to be included in Rel-19, both implementation and specification aspects should be taken into account, and the NR SSB should not be modified. 

2.5 Uplink Capacity Enhancements for NR NTN
For the topic of uplink capacity enhancements it is necessary to identify whether there is a justified need for supporting this. When observing the current capacity of the system, it is clear that the system by itself is more limited by control channel capacity compared to the capacity offered by the data channels. To give an example of this, we outline a typical scenario as follows:
· 20 MHz BWP (each, for both UL and DL) à 106 RBs available for 15 kHz SCS
· 3 OFDM symbols for CORESET à 53 CCEs
· Equal split between DL scheduling need and UL scheduling need à 27 CCEs available for UL
· All the UL RBs are assigned to UEs using single RB with an OCC allowing multiplexing of 4 UEs in each slot. à 424 UL UEs in each slot.
· Provided that all UL UE are using configured grants (and have pre-assigned resources), they will occupy 0 CCEs for the UL scheduling.
· Assuming HARQ operation to recover for potential link failures in 10% of the UL transmissions, 43 UEs will need a dynamic scheduling grant to provide the HARQ retransmission. à 43 UL HARQ grants would be needed but only 27 CCEs are available for UL scheduling.
Following this, it is clear that even under the very optimistic condition that each UL HARQ grant would suffice with 1 CCE for providing the PDCCH carrying the DCI for the UL grant, the control channel capacity is by far too insufficient to provide such functionality. Disabling HARQ would be a potential solution, but on the other hand, this would shift the responsibility of data recovery to higher layers (RLC), which would require scheduled DL PDSCH to request higher layer retransmissions. Further, it should be noted that the control channel would be put under even more pressure if we also consider that some of the control channel capacity would normally be reserved for DL scheduling grants, and that the normal coverage in NR over NTN may not qualify for providing the PDCCH with only aggregation level one of the CCEs.
Observation 6: Control channel capacity of NR systems is substantially smaller than the data channel capacity when it comes to capacity for amount of users served.
Proposal 9: TSG RAN should first consider whether there is a real need for expanding the user multiplexing capacity, taking into account the available control channel capacity for UL scheduling grants.

2.6 Enhaned GNSS Operation
It has been proposed to change the GNSS operation to allow for longer times without GNSS availability. It is our understanding that the proposal is not changing the initial access, as that requires a redesign of initial access, which is non backwards compatible and which is too late to introduce in Release-19.
Proposal 10: Enhanced GNSS operation shall not affect initial access.
In connected mode, the network can send timing advance commands to adjust the timing when no GNSS is available, but it suffers from two issues:
· RAN does not know when the UE adjusts its position when GNSS is available again, which may lead to overcompensations as the two control loop work independently, as highlighted several times in our contributions [4][5].
· The overhead of sending timing advance messages is large.
Furthermore, as also the Doppler frequency changes based on the UE position, it would need to be ensured that the UE is able to compensate this for the uplink transmissions.
Proposal 11: If Enhanced GNSS operation is included in rel-19 for connected mode, a solution based on timing advance could be considered.

2.7 Support of Broadcast Service
We understand that the support of broadcast service only requires enhancements to ensure the content is limited to certain geographical areas. In our understanding, already today the content can be limited on cell level, and, seeing the many objectives in Rel 19, we believe no extra work should be done in Rel 19 to support MBS over NTN.
Proposal 12: RAN TSG to decide no extra work is done on MBS over NTN in Rel-19

2.8 Other proposals 
A number of other proposals have been mentioned during earlier plenary meetings for Rel 19, like further mobility enhancements, Enhanced TE-emulated channel model, Ku band support and high power UEs. 
We believe with Rel 18, NTN contains a lot of mobility solutions and no new solutions should be introduced in Rel-19, while the other topics are RAN4 topics, which will be decided at a later point.
Proposal 13: RAN TSG not to introduce new NTN-specific mobility solutions in Rel-19.
3	Conclusion
This document has made the following observations:
Observation 1: time sharing of power between beams has an impact on the user throughput.
Observation 2: the effect is largest for satellite with a large number of beams and limited transmission power.
Observation 3: the robust paging notification/alert should be designed such that the false alarm is extremely low as the annoyance factor of false alarm is large.
Observation 4: in order to keep the false alarm rate low, the robust notification/alert procedure should be such that it only alerts the addressed UE. 
Observation 5: NLOS conditions are not the only reason why paging may be missed. The paging area also needs to be considered.
Observation 6: Control channel capacity of NR systems is substantially smaller than the data channel capacity when it comes to capacity for amount of users served.
We propose the following:
Proposal 1: limit the work on RedCAP over NTN to FR1 in Rel-19.
Proposal 2: RAN TSG to include support for RedCAP UEs in Rel 19 NTN work, including at least RAN4 requirements for 1Rx UEs and a study of RAN1/2 aspects, including half duplex operation, number of supported HARQ processes, HARQ feedback disabling, and support of simultaneous NR+GNSS. 
Proposal 3: Specify regenerative payload with full gNB on board, including Stage-3 RAN3 issues like NG removal procedure and considering signalling optimisations.
Proposal 4: RAN to ensure coordination with SA2 on the regenerative payload objective.
Proposal 5: Study DL coverage enhancements and specify enhancements if benefits are shown for NTN, with the above scope.
Proposal 6: the robust notification/alert must be designed such that it only alerts the addressed UE. 
Proposal 7: requirements for a notification/alert should be provided by SA, including the details of the UE identity to be signalled. 
Proposal 8: If the robust notification/alert were to be included in Rel-19, both implementation and specification aspects should be taken into account, and the NR SSB should not be modified. 
Proposal 9: TSG RAN should first consider whether there is a real need for expanding the user multiplexing capacity, taking into account the available control channel capacity for UL scheduling grants.
Proposal 10: Enhanced GNSS operation shall not affect initial access.
Proposal 11: If Enhanced GNSS operation is included in rel-19 for connected mode, a solution based on timing advance could be considered.
Proposal 12: RAN TSG to decide no extra work is done on MBS over NTN in Rel-19
Proposal 13: RAN TSG not to introduce new NTN-specific mobility solutions in Rel-19.
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