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[bookmark: _Hlk521259925]In RAN1#104-e meeting, agreements were achieved on other aspects for NTN [1].
	Agreement:
[bookmark: _Hlk71215982]Support at least explicit indication of polarization information for DL by the network
· FFS: whether the indication is done by SIB, other RRC signaling, DCI.
· FFS: Whether separate signaling is needed for the UL and if so, whether or not a same polarization is indicated for DL and UL

Conclusion:
Discuss whether or not at least following issues are valid and decide whether or not enhancements are needed in addition to current NR specification for supporting NTN beam management:
· Issue 1: NR BWP is not directly associated with a beam. Thus, when using TCI to change beam from beam 1 to beam 2, it does not trigger NR BWP switching. However, in NTN FRF>1 case, beam switching may result in a BWP switching.
· [bookmark: _Hlk71217776]Issue 2: NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL.
· Issue 3: NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, we may need a fast BWP switching triggering without data scheduling.
· Issue 4: NR BWP switching does not require re-synchronization. However, in NTN FRF>1 scenario, when a satellite beam switching is triggered, UE may need to perform re-synchronization in the switched BWP. 
· Issue 5: Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured BWP switching (can be a sequence of BWPs) may be preferred but current NR does not allow it.
· Issue 6: How to deal with BWP switching triggered by bwpInactivityTimer, RA procedure, or simply a need to increase throughput instead of for beam-level mobility.
· Issue 7: NR BWP switching/beam switching is done with UE specific signalling due to UE movement’s. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we may need to a common BWP/beam switching mechanism to save the signalling overhead.

Conclusion:
Discuss the necessity of reporting UE polarization capability considering at least following aspects, 
· Deployment scenarios.
· UE implementation aspects with respect to polarization.
· Satellite implementation aspects for switching between polarization states.
· Satellite implementation aspects for realizing multiplexing of UEs having different polarization capabilities.


In this contribution, we will share our view on beam management, polarization indication and support of ATG for NTN.
NTN Beam management
In RAN1#104b-e meeting, it was concluded to discuss whether or not the following issues are valid and decide whether or not enhancements are needed in addition to current NR specification for supporting NTN beam management [1].
	Conclusion:
[bookmark: _Hlk71228701]Discuss whether or not at least following issues are valid and decide whether or not enhancements are needed in addition to current NR specification for supporting NTN beam management:
· Issue 1: NR BWP is not directly associated with a beam. Thus, when using TCI to change beam from beam 1 to beam 2, it does not trigger NR BWP switching. However, in NTN FRF>1 case, beam switching may result in a BWP switching.
· Issue 2: NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL.
· Issue 3: NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, we may need a fast BWP switching triggering without data scheduling.
· Issue 4: NR BWP switching does not require re-synchronization. However, in NTN FRF>1 scenario, when a satellite beam switching is triggered, UE may need to perform re-synchronization in the switched BWP. 
· Issue 5: Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured BWP switching (can be a sequence of BWPs) may be preferred but current NR does not allow it.
· Issue 6: How to deal with BWP switching triggered by bwpInactivityTimer, RA procedure, or simply a need to increase throughput instead of for beam-level mobility.
· Issue 7: NR BWP switching/beam switching is done with UE specific signalling due to UE movement’s. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we may need to a common BWP/beam switching mechanism to save the signalling overhead.



Regarding Issue 1 (NR BWP is not directly associated with a beam. Thus, when using TCI to change beam from beam 1 to beam 2, it does not trigger NR BWP switching. However, in NTN FRF>1 case, beam switching may result in a BWP switching), in our view, enhancement on association of NR BWP with NR beam is not essential but it is beneficial.
If such enhancement is not supported, two subsequent DCI may be needed to indication satellite beam switching, wherein, the first one to indicate TCI change, and the second one to indicate BWP switching. The system can still work.
If association of NR BWP with NR beam is supported, the signaling overhead to indication satellite beam switching can be significantly reduced. Nevertheless, regarding the process time for BWP switching is much slower than TCI change, then the process time of satellite beam switching may cannot be significantly reduced. 
We are open to further discuss on the issue of enhancement on association of NR BWP with NR beam, if needed.
Observation 1: Enhancement on association of NR BWP with NR beam is not essential but it is beneficial.
Proposal 1: Further discuss on the issue of enhancement on association of NR BWP with NR beam, if needed.

Regarding Issue 2 (NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL), in our view, enhancement on joint trigger of NR BWP switching in UL and DL for FDD is not essential but it is beneficial.
If such enhancement is not supported, two DCI may be needed to separately trigger NR BWP switching in UL and DL. The system can still work.
If joint trigger of NR BWP switching in UL and DL for FDD is supported, the signaling overhead can be significantly reduced.
We are open to further discuss on the issue of enhancement on joint trigger of NR BWP switching in UL and DL for FDD, if needed.
Observation 2: Enhancement on joint trigger of NR BWP switching in UL and DL for FDD is not essential but it is beneficial.
Proposal 2: Further discuss on the issue of enhancement on joint trigger of NR BWP switching in UL and DL for FDD, if needed.

Regarding Issue 3 (NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, we may need a fast BWP switching triggering without data scheduling), in our view, enhancement on fast BWP switching triggering without data scheduling is not essential.
In fact, PUSCH transmission with no transport block and with a CSI report(s) has already been supported in current NR specification. Thus, gNB may trigger fast UL BWP switching by scheduling CSI report in PUSCH without transport block.
On the other hand, gNB may trigger fast DL BWP switching by network implementation, e.g., transmitting a PDSCH carrying MAC CE TA command.
Observation 3: Enhancement on new DCI for fast BWP switching triggering without data scheduling is not essential.

[bookmark: _Hlk71229525]Regarding Issue 7 (NR BWP switching/beam switching is done with UE specific signalling due to UE movement’s. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we may need to a common BWP/beam switching mechanism to save the signalling overhead), in our view, enhancement on UE group DCI to trigger BWP/beam switching for a set of UEs is not essential but it is beneficial.
If such enhancement is not supported, UE specific signaling is needed to trigger BWP/beam switching. The system can still work.
If UE group DCI to trigger BWP/beam switching for a set of UEs is supported, the signaling overhead can be significantly reduced.
We are open to further discuss on the issue of enhancement on UE group DCI to trigger BWP/beam switching for a set of UEs, if needed.
Observation 4: Enhancement on UE group DCI to trigger BWP/beam switching for a set of UEs is not essential but it is beneficial.
Proposal 3: Further discuss on the issue of enhancement on UE group DCI to trigger BWP/beam switching for a set of UEs, if needed.

[bookmark: _Hlk71230166]Furthermore, if a new DCI format is to be designed for fast BWP/beam switching in NTN, joint support of one or more enhancements for Issue 1, Issue 2, Issue 3, and Issue 4 can be considered.
Proposal 4: If a new DCI format is to be designed for fast BWP/beam switching in NTN, joint support of one or more enhancements for Issue 1, Issue 2, Issue 3, and Issue 4 can be considered.

Signalling of Polarization
In RAN1#104b-e meeting, support at least explicit indication of polarization information for DL by the network was agreed [1].
	Agreement:
[bookmark: _Hlk71230345]Support at least explicit indication of polarization information for DL by the network
· [bookmark: _Hlk71231010]FFS: whether the indication is done by SIB, other RRC signaling, DCI.
· [bookmark: _Hlk71231698]FFS: Whether separate signaling is needed for the UL and if so, whether or not a same polarization is indicated for DL and UL


Regarding explicit indication of polarization information for DL by the network, at least explicit polarization signaling indication by SIB should be supported for a UE in initial access.
Proposal 5: At least support explicit indication of polarization information for DL by SIB.

Polarization signaling indication by other RRC signaling seems to be beneficial for fast satellite beam switching in NTN, while signaling indication by DCI seems to be beneficial for per UE’s polarization multiplexing. We are open to further discuss on polarization signaling indication by other RRC signaling or DCI, if needed.
Proposal 6: Further discuss on explicit indication of polarization information for DL by other RRC signaling or DCI, if needed.

Status report of implicit support of ATG
As captured in the NTN WID [2], NTN work item aims to specify the enhancements identified for NR NTN especially LEO and GEO with implicit compatibility to support HAPS and ATG.
	[bookmark: _Hlk61167150]The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.


In our understand, “implicit compatibility to support HAPS and ATG scenarios” in the WID means the enhancements for NTN can also be applicable for HAPS and ATG, although we do not need to discuss the enhancements specifically for HAPS and ATG. Furthermore, at least in principle,
· If there are several potential solutions for NTN, and some of them are more essential / important / applicable for ATG / HAPS, then these solutions should be prioritized.
Proposal 7: “implicit compatibility to support HAPS and ATG scenarios” in the WID means the enhancements for NTN can also be applicable for HAPS and ATG, although we do not need to discuss the enhancements specifically for HAPS and ATG. In principle,
· If there are several potential solutions for NTN, and some of them are more essential / important / applicable for ATG / HAPS, then these solutions should be prioritized.

In order to support HAPS and ATG scenario, the following enhancements should be supported which are essential for ATG and HAPS, and they are also beneficial for satellite application.
· Issue 1: Extend the value range of K1.
· Issue 2: Extend the maximal supported HARQ process number.
· [bookmark: _Hlk61168311]Issue 3: Support satellite ephemeris based on satellite position and velocity state vectors.
Observation 5: In order to support HAPS and ATG scenario, the following enhancements should be supported which are essential for ATG and HAPS, and they are also beneficial for satellite application.
· Issue 1: Extend the value range of K1.
· Issue 2: Extend the maximal supported HARQ process number.
· Issue 3: Support satellite ephemeris based on satellite position and velocity state vectors.

[bookmark: _Hlk71232777]Issue 1 (extend the value range of K1) has been agreed in RAN1#104-e meeting [1].
	Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.


Observation 6: Extend the value range of K1 (Issue 1) has been agreed in RAN1#104-e meeting.

Issue 2 (Extend the maximal supported HARQ process number) has been agreed in RAN1#102-e meeting [3].
	Agreement:
The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling


Observation 7: Extend the maximal supported HARQ process number (Issue 2) has been agreed in RAN1#102-e meeting.

Issue 3 is under discussion with the following agreement achieved in RAN1#104-e meeting [1] and RAN1#104b-e meeting [4].
	[Agreements achieved in RAN1#104-e meeting]
[bookmark: _Hlk63432430]Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
· FFS: Whether down-selection is needed or both options are supported

[Agreements achieved in RAN1#104b-e meeting]
Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported



Regarding the last FFS “Whether down-selection is needed or both sets are supported”, as summarized by Moderator [5], the large majority was supportive of the compromise taken as way forward to support both satellite ephemeris broadcast.
Observation 8: Support satellite ephemeris based on satellite position and velocity state vectors (Issue 3) is under discussion. Observation 9: The large majority is supportive to support both ephemeris formats based on satellite position and velocity state vectors (Set 1) and based on orbital elements (Set 2).

Same as the large majority, we are supportive of the compromise taken as way forward to support both satellite ephemeris broadcast. Nevertheless, if down-selection is needed, ephemeris format based on satellite position and velocity state vectors (Set1) should be supported for implicit compatibility to support HAPS and ATG scenarios.
Proposal 8: Support both ephemeris formats based on satellite position and velocity state vectors (Set 1) and based on orbital elements (Set 2), if possible.
Proposal 9: If down-selection is needed, ephemeris format based on satellite position and velocity state vectors (Set 1) should be supported for implicit compatibility to support HAPS and ATG scenarios.
Conclusions
In this contribution, we share our share our view on beam management, polarization indication and support of ATG for NTN.. The observations and proposals are summarised as follows:
Observation 1: Enhancement on association of NR BWP with NR beam is not essential but it is beneficial.
Observation 2: Enhancement on joint trigger of NR BWP switching in UL and DL for FDD is not essential but it is beneficial.
Observation 3: Enhancement on new DCI for fast BWP switching triggering without data scheduling is not essential.
Observation 4: Enhancement on UE group DCI to trigger BWP/beam switching for a set of UEs is not essential but it is beneficial.
Observation 5: In order to support HAPS and ATG scenario, the following enhancements should be supported which are essential for ATG and HAPS, and they are also beneficial for satellite application.
· Issue 1: Extend the value range of K1.
· Issue 2: Extend the maximal supported HARQ process number.
· Issue 3: Support satellite ephemeris based on satellite position and velocity state vectors.
Observation 6: Extend the value range of K1 (Issue 1) has been agreed in RAN1#104-e meeting.
Observation 7: Extend the maximal supported HARQ process number (Issue 2) has been agreed in RAN1#102-e meeting.
Observation 8: Support satellite ephemeris based on satellite position and velocity state vectors (Issue 3) is under discussion. Observation 9: The large majority is supportive to support both ephemeris formats based on satellite position and velocity state vectors (Set 1) and based on orbital elements (Set 2).
Proposal 1: Further discuss on the issue of enhancement on association of NR BWP with NR beam, if needed.
Proposal 2: Further discuss on the issue of enhancement on joint trigger of NR BWP switching in UL and DL for FDD, if needed.
Proposal 3: Further discuss on the issue of enhancement on UE group DCI to trigger BWP/beam switching for a set of UEs, if needed.
Proposal 4: If a new DCI format is to be designed for fast BWP/beam switching in NTN, joint support of one or more enhancements for Issue 1, Issue 2, Issue 3, and Issue 4 can be considered.
Proposal 5: At least support explicit indication of polarization information for DL by SIB.
Proposal 6: Further discuss on explicit indication of polarization information for DL by other RRC signaling or DCI, if needed.
Proposal 7: “implicit compatibility to support HAPS and ATG scenarios” in the WID means the enhancements for NTN can also be applicable for HAPS and ATG, although we do not need to discuss the enhancements specifically for HAPS and ATG. In principle,
· If there are several potential solutions for NTN, and some of them are more essential / important / applicable for ATG / HAPS, then these solutions should be prioritized.
Proposal 8: Support both ephemeris formats based on satellite position and velocity state vectors (Set 1) and based on orbital elements (Set 2), if possible.
Proposal 9: If down-selection is needed, ephemeris format based on satellite position and velocity state vectors (Set 1) should be supported for implicit compatibility to support HAPS and ATG scenarios.
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