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Introduction
[bookmark: _Hlk510705081]This contribution discusses a number of open issues from the NR NTN Phase 3 WI that have experienced some uncertainty in the RAN WGs. 
Discussion
Support of regenerative payload and satellite switching with re-synchronization
As part of the RAN2#126 discussions to support regenerative payload, during the last meeting the following note was captured in the chair minutes:
	Companies interested to support satellite switch with resync with regenerative payload are invited to bring this discussion to the RAN plenary




In Rel-18, the “satellite switching with resynchronization feature” was specified for quasi-Earth fixed cells (qEFC), also known as “unchanged PCI” mobility. This feature allows a UE to switch from one satellite to the next one without using L3 handover (i.e., no dedicated RRC signalling is involved) under the assumption that the gNB on the ground does not change and the cell configuration is maintained. RAN and CN components require less signalling (as compared with L3 mobility) at the expense of a more complex NW implementation (i.e., the NW has less control over when UEs will be available in the target satellite and therefore resource allocation becomes more cumbersome). 
Observation 1: Satellite switching with resynchronization (i.e. with unchanged PCI) was specified in Rel-18 for transparent payloads to reduce radio signalling load.
With a regenerative payload, given that the gNB is no longer on the ground, the single (physical) gNB assumption is no longer valid, which means that the UE will frequently switch from a source gNB to a target gNB with a corresponding increase of signalling load arising from, at least, the path switching at the AMF/UPF. Note that this is expected regardless of the mobility procedure (including L3 mobility).
Observation 2: In a regenerative architecture and regardless of the mobility procedure, the UE will frequently switch between gNBs on board of different satellites, triggering additional AMF/UPF signalling (e.g., for path switching).
One may argue that with a regenerative payload, connected mode mobility is already possible with L3 mobility mechanisms such as the handover (HO) or the conditional HO (CHO). The signalling flow is well known and the main difference from the transparent architecture is the constant coordination between gNBs and the periodic path switching (i.e., once the RAN HO has been successfully confirmed by the target gNB, RAN and CN coordinate to establish a new data route for the user’s data via the target gNB). 
In this scenario, the unchanged PCI mobility may bring similar benefits in terms of signalling reduction as in the transparent architecture. Despite the satellite switches, the network may provide the same logical cell configuration while the UE avoids constant L3 handovers. It is true that this requires orchestration and coordination between RAN and OAM entities, as well as appropriate security implementation, but part of this coordination is anyway required for the L3 handover procedure.  
The satellite switching with regenerative payload may re-use large part of the handover procedure, while UEs can benefit from avoiding RRC reconfiguration at the expense of an increased NW complexity in comparison to the baseline HO procedure. 
Observation 3: For satellite switching with regenerative payload, Rel-19 UE can benefit from similar gains as in transparent architecture, while NW complexity may increase compared with regular L3 procedures depending on the final solution.
Therefore, we propose the following:
Proposal 1: RAN2 to discuss the feasibility of the satellite switching with resync with regenerative payload, and, if found feasible, specify it.

DL coverage enhancements
System level aspects
For the DL coverage enhancements, RAN1 had extensive discussions during RAN1#116-bis and RAN1#117 on both system level aspects and link level aspects. As was captured by one of the RAN1#117 observations, some companies have been evaluating the system performance for coverage ratio, which is defined as the amount of cells under the satellite coverage footprint that would be offered cell services (either through providing needed control signaling for a UE to access a cell (N2) or by carrying actual traffic (N3)). The evaluations showed that by changing the SSB periodicity to values substantially larger than the current value of 20 ms, it would be possible to reach 100% cell coverage ratio. However, these evaluations did not take into account that the SSB may be essential for system performance when considering cell search, cell tracking, neighbor cell measurements, and would even be non-compatible with pre-Rel-19 UEs.
Observation 4: Increasing SSB periodicity may have severe impacts to system performance when considering cell search, cell tracking, and neighbor cell measurements, as well as creating additional workload in RAN4.
Further, in the current WID for this topic [1], it is stated that “SSB channel enhancement is not considered”, and since RAN1 is currently exploring options in the domain of changing the SIB periodicity without evaluating the system impacts, it may not be beneficial to change such a fundamental system parameter very late in a generation of a system.
Proposal 2: TSG RAN to clarify that “SSB Channel enhancement is not considered” implies that the maximum SSB periodicity shall not exceed 20 ms.

Link level aspects
As part of the evaluations that have been performed by RAN1 during RAN1#116-bis and RAN1#117 it was observed that some channels may experience a coverage gap under certain conditions. More specifically, the conditions that cause the coverage gap happen when the satellite is operating with an arbitrary substantially lower TX power (Satellite EIRP density per beam = 26 dBW/MHz) compared to the normal assumed TX power (Satellite EIRP density per beam = 34 dBW/MHz). 
For the case where the expected TX power by the satellite is lowered by 8 dB, the observations indicate a potential coverage gap for a set of channels. However, in our understanding, this lowering of satellite transmit power has not really been justified, and may not reflect reality.
Observation 5: Lowering the satellite TX power by 8 dB compared to normal operation is arbitrary and has not been justified.
Proposal 3: TSG RAN to give guidance on realistic deployment scenarios for DL coverage enhancements.

(e)RedCap support for NR over NTN
For the (e)RedCap support for NR over NTN, RAN1 reached some agreements during the past working group meetings. The primary conclusion is that RAN1 finds that the issues caused by the 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. Collision case 3 is related to the situation of a “Semi-statically configured DL reception collides with semi-statically configured UL transmission”, and collision case 4 is related to the situation of “Dynamically scheduled DL reception collides with dynamic scheduled UL transmission”. Based on this it would be natural that the WID is updated such that RAN1 shall specify how to handle these collision cases. Note that currently the collisions cases 3 and 4 are considered as error cases, which the UE shall not expect to happen i.e. the UE behavior is in consequence not defined. One aspect that has not been considered thoroughly at RAN1 is the UE reception of SIB19, which is needed for the UE to maintain valid ephemeris information. If a UE is blindly following the existing collision rules, there is a risk that a UE is not able to maintain uplink synchronization. 
Proposal 4: TSG RAN to update the WID for (e)RedCap support for NR over NTN to include specifying collision handling rules for cases 3 and 4 while ensuring that a UE is still able to receive needed control information.
Based on the discussions during the RAN1 meeting it appears that the general understanding is that detailed knowledge of the applied TA at the UE side would be a great help for the gNB in terms of performing scheduling to avoid triggering a UE to enter a situation where a collision rule would become active. Whenever a collision happens, some resources would be wasted (that being a PDCCH or PDSCH that is ignored or a PUSCH that is not utilizing the allocated resources), which might have been avoided if the gNB had better knowledge of the TA applied at the UE side. Thus, RAN1 should further investigate solutions to reduce the amount of TA mismatch to reduce the resource waste. Doing so will essentially reduce the number of times that the collision rules will be applied.
Proposal 5: TSG RAN to update the WID for (e)RedCap such that RAN1 can further study, and specify if needed, solutions to reduce the number of times the collision rules are applied.

Uplink capacity enhancements
At the last RAN1#117, the following agreement was made:
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

This states that at least one of the OCC techniques will be specified, where the three candidates are the ones that are in the current WID. However, it is worth noting that at RAN1#116-bis, the group reached the below agreement, which clearly indicates that at least PUSCH with Type A repetition (i.e. inter-slot time domain OCC) should be supported for OCC for PUSCH in Rel-19 NR NTN.

Therefore, at least OCC for PUSCH with Type A repetition shall be supported in Rel-19 NTN. Whether combination of OCC for PUSCH with Type A repetition with any other scheme (e.g. intra-symbol pre-DFT-s OCC) is supported can be further discussed, even though our preference would be to support only OCC for PUSCH with Type A repetition in Rel-19 in consideration of the expected specification impact that other solutions (or a combination thereof) might have.[bookmark: _Hlk164098130]Agreement
Support OCC for PUSCH in Rel-19 NR NTN:
· At least PUSCH with Type A repetition
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases
· At least code length 2 or 4, FFS code length 8 
· FFS: number of RBs
· Potential OCC techniques listed below are for further down-selection:
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
· TBoMS for OCC techniques is FFS


Based on the above discussion and for allowing for better focus in RAN1 discussions, the following proposal is made:
Proposal 6: TSG RAN to update the WID for uplink capacity enhancements such that OCC is applied only for inter-slot time-domain operation with PUSCH repetition Type A.

Conclusion
The following proposals are made: 
Regarding support of regenerative payload and satellite switching with re-synchronization:
Proposal 1: RAN2 to discuss the feasibility of the satellite switching with resync with regenerative payload, and, if found feasible, specify it.

Regarding DL coverage enhancements: 
Proposal 2: TSG RAN to clarify that “SSB Channel enhancement is not considered” implies that the maximum SSB periodicity shall not exceed 20 ms.
Proposal 3: TSG RAN to give guidance on realistic deployment scenarios for DL coverage enhancements.

Regarding RedCap support for NR over NTN:
Proposal 4: TSG RAN to update the WID for (e)RedCap support for NR over NTN to include specifying collision handling rules for cases 3 and 4 while ensuring that a UE is still able to receive needed control information.
Proposal 5: TSG RAN to update the WID for (e)RedCap such that RAN1 can further study, and specify if needed, solutions to reduce the number of times the collision rules are applied.

Regarding uplink capacity enhancements:
Proposal 6: TSG RAN to update the WID for uplink capacity enhancements such that OCC is applied only for inter-slot time-domain operation with PUSCH repetition Type A.
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