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Introduction
In this contribution we will address some of the remaining outstanding aspects related to the indication and utilization of the polarization information as well as for the beam based operation for NR over NTN.
[bookmark: _Hlk510705081]Discussion
During the e-mail discussion as part of RAN1#105-e, RAN1#106-e and RAN1#106bis-e, there were lengthy debates over the beam management operation for NR over NTN. As part of the initial discussion there were a number of potential issues that were raised for discussion for RAN1#105-e. All of these issues (1-7) were related to whether or not enhancements would be needed for the existing NR framework in terms of enhancing the association between NR beams and NR BWPs. 
As part of the feature lead summary from the 2nd round of discussions within this topic there was a feature lead recommendation to further discuss the aspects related to gNB dominant beam switching based on gNB prediction of beams that could or should be used for connection to the UE. In this context, it is important to separate the discussion into satellite beams and NR beams. For satellite beams, we understand that each satellite beam (under the assumption that one satellite will provide service for more than one cell and hence create multiple satellite beams, each with their own physical cell ID.
Further, each of the satellite beams (or cells) may have one or more NR beams, each being associated to a TCI state, thereby creating a set of NR beams (which may or may not represent actual beams, but rather transmission/reception properties for the radio channel. The configuration and operation of existing NR beams in terrestrial networks are based on UE measurements and gNB decisions based on such measurements, while there have been suggestions to introduce the possibility of allowing the gNB to “predict” the sequence of NR beams for the UE to operate during a “fly-over” of the satellite. One approach here could be to pre-configure the UE with a number of TCI states that represents the potential NR beams that the UE will be served by during such fly-over. Assuming that the gNB is having detailed knowledge of the satellites trajectory and the UE’s current position including a prediction of the UE’s position in the future, it could theoretically be possible to find the sequence of NR beams that the UE will be served with during the “fly-over”. However, such operation would not bring much benefit since the gNB would anyway need measurements prior to performing NR beam switching (or TCI state change) to validate the need for the beam switching.
Observation 1: gNB based NR beam prediction for specific UE’s will require detailed prediction models at gNB for both UE position and satellite position.
Observation 2: Prior to performing NR beam switch, the gNB would have to rely on measurements to ensure that the correct TCI state is selected.
Hence, according to our understanding, the existing framework for BWP management and beam management should be sufficient to address the needed for supporting NR over NTN in Release 17.
Proposal 1: No NTN related enhancements for automatic NR Beam management should be introduced for Rel-17.
During the RAN1#106bis-e meeting there was some discussion on the potential for extending or even disabling the BWP inactivity timer. The intention of a given BWP configuration is to allow the gNB to provide a configuarion of a given bandwidth part which would be limited in time. If a given BWP is not used for scheduling within the configured inactivity timer, the UE would automatically fall back to the default BWP. At present the maximum value for bwp-InactivityTimer is in excess of 2.5 seconds, which would be sufficient for any gNB operation to determine whether or not to schedule a UE on the provided configuration. If the gNB would need the UE to keep operating on the configured BWP, there is still the option of releasing the timer configuration which would prevent the UE from falling back to the default BWP.
Observation 3: The maximum value for bwp-InactivityTimer is 2560 ms.
Observation 4: The gNB may deactivate the inactivity timer operation by releasing the timer configuration
Proposal 2: No enhancements to the BWP inactivity timer are needed for NR over NTN for Rel-17.

At the previous RAN1 e-meetings, there has been continued discussions on the aspect of potentially providing an indication of the polarization configuration on a per-SSB level. During the past e-mail discussion round [4] this aspect was raised for discussion. We provided a number of considerations on the technical feasibility and potential use of the provided information in this context. As these were not addressed during the discussion round, we will re-iterate these in the following, where we argue that introducing per-SSB indication of the polarization would have several implications:
· The system information overhead will increase due to potentially providing the polarization information for each of the configured SSBs.
· It seems that the intention of providing per-SSB polarization indication is to allow for polarization reuse, which may potentially be beneficial for NR over NTN.
· However, for polarization re-use to be feasible, it will require:
· That the satellite is able to switch between polarization modes on a per-symbol level, or be transmitting from both polarization modes (LHCP and RHCP) at the same time. The latter of these options would require that the feeder link capacity is doubled to have capacity for providing the signals for both polarizations.
· All UEs in the cells are mandatorily supporting both LHCP and RHCP (and not just allowing it to be a UE capability).

Related to the above implications, we have a set of open questions related to the associated feasibility. If such polarization reuse is implemented in a cell, how would a UE which is only supporting linear polarization be able to distinguish the two re-used transmissions? According to our understanding, this is not possible, and the UE would not be able to access/operate in the entire cell. Even that linear polarization is used for selected beams, the UE would be in doubtful configurations while under coverage of other beams. Correspondingly, for UL transmissions from the UE side, the gNB would not be able to separate a linear polarized UE’s transmission from a UE that is using RHCP or LHCP, and such UEs would be causing polarization interference to both of the used polarizations.
Additionally, using polarization separation or orthogonalization would require that the impacted UEs would have to have mandatory support of the two circular polarization modes, which in turn would require that the satellite would be transmitting the signals for the DL at the same time (for both SSB and PDCCH/PDSCH), which in turn would cause any of the UEs that are only supporting linear polarization to not be able to decode anything due to the high cross-polarization interference. 
Proposal 3: No support for Per-SSB indication of polarization configuration.
Proposal 4: No support for intra-UE polarization multiplexing for NR over NTN in Rel-17.
Proposal 5: No support for inter-UE polarization multiplexing for NR over NTN in Rel-17.

Conclusion
In this contribution we have presented our observations and proposals. These are as follows:
Observation 1: gNB based NR beam prediction for specific UE’s will require detailed prediction models at gNB for both UE position and satellite position.
Observation 2: Prior to performing NR beam switch, the gNB would have to rely on measurements to ensure that the correct TCI state is selected.
Observation 3: The maximum value for bwp-InactivityTimer is 2560 ms.
Observation 4: The gNB may deactivate the inactivity timer operation by releasing the timer configuration
Proposal 1: No NTN related enhancements for automatic NR Beam management should be introduced for Rel-17.
Proposal 2: No enhancements to the BWP inactivity timer are needed for NR over NTN for Rel-17.
Proposal 3: No support for Per-SSB indication of polarization configuration.
Proposal 4: No support for intra-UE polarization multiplexing for NR over NTN in Rel-17.
Proposal 5: No support for inter-UE polarization multiplexing for NR over NTN in Rel-17.
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