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1. Introduction
In RAN#86, a new WI "Solutions for NR to support non-terrestrial networks (NTN)" was approved [1]. 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. In this contribution, we share our considerations on beam management in section 2 and support of polarization signaling in section 3.
2 Beam management
In Rel-15/16, various reference signals such as SSB, CSI-RS and SRS can be configured for beam measurement and beam selection. The gNB can indicate UE beam information of DL/UL channels and signals via TCI/SRI/spatial relation information based on the beam selection results. In RAN1#106 e-Meeting [2], the gNB dominant Beam switching replying on prediction on gNB side has been discussed but no conclusion has been reached, and concerns regarding the spec impact and implementation detail has been risen. In this section, we will further analysis the performance of UE location-based beam switching and show the feasibility of how gNB can preconfigure the beam based on the UE location information.    
a) Performance analysis of location based beam switching 
In NTN, as GNSS-capability is assumed for UE and the satellite location is predictable, it is possible for UE to decide the UE side beam by itself based on the location information. However, implementing the beam estimation based on UE/satellite location is unclear and whether the beam estimation results without measurement is accurate. Additionally, the gNB should be able to adjust the beam direction on UE side for other purposes such as uplink interference coordination from the network perspective. In that sense, it is better for gNB to decide the UE side beam. As satellite beam switching can be frequent and often highly predictable, reducing the signaling overhead and latency by preconfiguring the target beam(s) and switching condition(s) to the UE is beneficial. It should be noted that both timer-based and location-based conditional handover had been agreed in RAN2#113b e-Meeting[3]. 
Fig.1-4 show the CDF of coupling loss, Geometry SINR and Geometry SIR of the study case 6, 9, 11, 14. 
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Figure 1(a, b, c). Study case6 (Location-based, LEO-600, Set1, VSAT, Ka-band, Option1)
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Figure 1(d, e, f). Study case6 (RSRP-based, LEO-600, Set1, VSAT, Ka-band, Option1)
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Figure 1(g, h). Study case6 (LEO-600, Set1, VSAT, Ka-band, Option1)
[bookmark: _Hlk79048749][image: ][image: ][image: ]Figure 2(a, b, c). Study case9 (Location-based, LEO-600, Set1, Handheld, S-band, Option1)
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Figure 2(d, e, f). Study case9 (RSRP-based, LEO-600, Set1, Handheld, S-band, Option1)

Figure 2(g, h). Study case9 (LEO-600, Set1, Handheld, S-band, Option1)
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Figure 3(a, b, c). Study case11(Location-based, LEO-1200, Set1, VAST, Ka-band, Option1)
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Figure 3(d, e, f). Study case11 (RSRP-based, LEO-1200, Set1, VAST, Ka-band, Option1)
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Figure 3(g, h). Study case11 (LEO-1200, Set1, VAST, Ka-band, Option1)
[image: ][image: ][image: ]
Figure 4(a, b, c). Study case14 (Location-based, LEO-1200, Set1, Handheld, S-band, Option1)
[image: ][image: ][image: ]
Figure 4(d, e, f). Study case14 (RSRP-based, LEO-1200, Set1, Handheld, S-band, Option1)
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Figure 4(g, h). Study case14 (LEO-1200, Set1, Handheld, S-band, Option1)
From Fig. 3-6 (g), we can see that Location-based can achieve the same accuracy with RSRP-based in at least elevation angle 90. Location-based can reduce some signalling overhead and latency issue. From Fig. 3-6 (h), we can see that the accuracy could be worse than the Location-based in elevation angles 80 and 70. RSRP-based is still effective in other elevation angles. Therefore, Location-based should be supported in addition to RSRP-based.
Observation 1: Location-based beam switching can achieve the same results as measurement based at 900 elevation angle.
Observation 2: RSRP-based beam switching is better than location based at 70 – 80 degree elevation angles. 
Proposal 1: The beam used at UE side should be indicated by gNB via downlink information in NTN. 
b) gNB pre configured beam switching
To enable the gNB preconfigured beam switching, the UE location information must be reported to gNB. As mentioned earlier, the GNSS capability is assumed for UE for NTN in Rel-17. Therefore, UEs can obtain and report its location information to the satellite so that the NTN network can preconfigure a sequence of beams. 
The switching time of the preconfigured beam sequence can be determined by gNB based on the satellite moving trajectory together with the UE location information. Therefore, the detailed timing configuration can be left to gNB implementation. 
Proposal 2: Support preconfigured location-based beam switching in NTN. 
c) Association between beam and BWP
[bookmark: _MON_1688898827][bookmark: _MON_1688897798][bookmark: _MON_1688899128][bookmark: _MON_1688898696]In Rel-15/16, the beam indication and BWP indication are signaled independently, and there is no association between the beam and BWP. The existing mechanism is the baseline for beam/BWP indication in NTN. As satellite beams are only transmitted within dedicated BWPs in NTN, the indication of beams and BWPs should be coordinated when signaled independently. For example, there are both TCI and BWP fields in DCI format 1_1 for downlink scheduling, while the QCL and BWP information are included in the TCI state which is preconfigured by RRC. The UE is not expected to receive a beam indication, while the beam is not transmitted in the indicated BWP. In NR, BWP switching was designed for adapting different traffic types, therefore BWP switching by DCI requires data scheduling while in NTN, BWP switching may not be triggered by new traffic but satellite movement, therefore a further study of BWP switching without data scheduling or with invalid data scheduling may be needed for fast BWP switching in NTN. 
Observation 3: Introducing a fixed linkage between BWP and satellite beam is unnecessary.
Proposal 3: Reuse the beam indication and BWP indication methods in Rel.15/16. BWP indication and beam indication should be coordinated. 
Proposal 4: Further study BWP switching without data scheduling or with invalid data scheduling.

3 Polarization indication
The polarization indication for NTN communication has been further discussed in RAN1# 106-e-meeting [2], where the following agreements and conclusions have been made:
	When polarization signalling is present in SIB
· SIB indicates DL and/or UL polarization information using respective polarization type parameters to indicate: RHCP or LHCP or linear



In addition, multiple discussion points have been brought up and for further discussion, which includes, whether whether polarization signaling is per SSB, if the polarization information can be indicated over UE specific RRC signaling and if UE multiplexing over polarization domain should be supported in Rel-17. 
a) UE capability on polarization
As discussed in the study item, interference mitigation can be achieved by configuring different frequency bands and different polarization from neighboring beams. By adding the polarization domain in addition to the frequency domain, the network can be more flexible for configuring resources, and therefore higher spectral efficiency can be expected. 
From the UE implementation aspect, the capability of supporting certain polarizations is defined by the complexity of antenna- and RF-implementation. A UE capability to support one or more polarization modes can be divided into:
· Single linear/elliptical polarization (linear or elliptical, e.g., FR1 mobile handheld devices)
· Single circular polarization (LHCP or RHCP, defined by antenna, e.g., vehicular mounted GPS antennas)
· Adaptively changes its polarization to fit any polarization (e.g. dual feed patch antennas, i.e. most FR2 devices/panels).
Single linear polarization typically requires the simplest design in terms of antenna and feeding networks, which are popularly adopted in handheld mobile devices, especially in FR1. Similarly, the CP antenna design is usually a dedicated optimization to control the phase in quadrature and balance the amplitude between the two orthogonal E-field components. A CP antenna may have more limited bandwidth, complicated feeding structure, as well as spatial coverage (the CP performance is usually directional dependent) compared to the linearly polarized antenna, which is typically used on the top surface, mounted scenarios, e.g., GPS antennas on the roof. Finally, adaptively changing the UE antenna's polarization requires controlling the relative phase between two orthogonal components, which typically needs two coherent feedings on the same antenna element and results in the highest complexity in RF design. The latter has been implemented for some UEs in FR2. It is clear that the supported polarization related capability can vary significantly with the UE type, and the NTN cannot expect that the UE is always capable of adjusting its polarization according to the DL signals. 
Observation 4: Depends on the form factor and complexity of the RF implementation, the supported polarization can vary between UE to UE. 
From the network aspect, it can be expected that the NTN network will serve various types of UEs that support different polarization modes. A wrong polarization combination between an NTN network and a UE can lead to significant signal drops, e.g., the satellite is transmitting in LHCP while the UE is receiving in RHCP. Moreover, indicating the UL polarization requires the network to have knowledge of which polarization(s) that the UE can support. Therefore, it is necessary for the NTN network to know the polarization capability of the UE.
Observation 5: To support various types of devices with different polarization modes, it is necessary for the network to know the UE polarization capability to ensure a robust link between satellites and UEs. 
To obtain the UE capability on the supported polarization modes, the network can either request a UE to report its capability on the supported polarization modes explicitly or autonomously determine the UE capability through the DL RS measurement and reporting from the UE side. The former solution provides a straightforward way to indicate the UE capability on the polarization modes but requires more effort in designing the corresponding capability signaling. On the other hand, the latter solution demands less change to the existing NR specification, which may not ask for more than transmitting the DL signal over two orthogonal polarizations. 
Proposal 5: Support UE polarization capability reporting, it can be either reported explicitly by the UE or implicitly through the UE measurement and reporting of the DL RS on two orthogonal polarizations.
Moreover, since the specification should not rule out any UE implementation, the mechanism of polarization indication should be carefully designed so that all type of UEs can operate property in NTN network, which includes possible dynamic indication on the UEs that can support more than one polarization modes (e.g., dual polarized UE). 
Observation 6: The mechanism of polarization indication need to be carefully designed so that all type of UEs can operate property in NTN network. 
b) UE multiplexing over polarization domain 
In addition, to improve the communication link, the network can also be more flexible when configuring resources by using the polarization domain if it has the knowledge of the UE polarization capability. In the multi-user scenario, the network can multiplex users over the polarization domain if it knows the supported polarization related UE capability. 
· the network can configure the users whose polarizations are orthogonal to each other (e.g., vertical polarization vs. horizontal polarization, or LHCP vs. RHCP) on the same spatial/time/frequency resources to improve the spectral efficiency. 
· If UEs can support more than one polarization mode and can adaptively change the polarization, the network can also configure their polarization and the corresponding DL/UL resources on two orthogonal domains through control signaling. For example, UE specific RRC signaling which we will elaborate more in the section c).  
Proposal 6: Inter-user multiplexing on the polarization domain based on UE capability is supported.   
c) Polarization indication over UE specific RRC signaling
Currently, the polarization indication for NTN network is only supported over SIB. Though it is possible to update or reconfigure the polarization information by updating the SIB information, such an operation may lack flexibility compared to updating the polarization information over UE-specific RRC signaling. Reconfiguring the polarization information is needed when it comes to supporting inter UE multiplexing over polarization domain as discussed above: the network should be able to indicate each of the UE with the proper polarization, especially for UEs that can support both left- and right-hand polarization.  
Moreover, when it comes to mobility, UE-specific RRC signaling can be used to indicate the polarization information of the non-serving cell (target cell), so that the UE can avoid reading the SIB information of the non-serving cell. This is also important for UE that supports both LHCP and RHCP to use the correct polarization during the handover procedure.
In overall, it can be observed that without UE-specific RRC signaling, the performance of UEs that can support more than one polarization mode can be significantly degraded, and the network may not benefit from those more advanced UE implementations (those devices may be forced to fallback signal polarization mode). Therefore, it is necessary for NTN network to support polarization information indication for both serving and non-serving cell in UE-specific RRC. 
Proposal 7: Support polarization information indication for both serving and non-serving cells in UE-specific RRC. 
d) Polarization indication per SSB
In addition to enhancing multi-users over the polarization domain, as the beams on both UE and network are typically associated with specific polarization, optimized beam management. In [5], it was demonstrated that transmitting the SSB over two orthogonal polarizations and indicated the polarization to UE can improve the gain of the broadcast channel [4]. Therefore, the polarization per SSB in NTN network in SIB can be considered.
Observation 7: The UE awareness of gNB polarization of reference signal, e.g., SSB, can improve the beam management performance.  
Proposal 8: Support polarization indication per SSB in SIB.

4 Summary 
In this contribution, we provide considerations on beam management and polarization for NTN. Following is our observations and proposals: 
Observation 1: Location-based beam switching can achieve the same results as measurement based at 900 elevation angle.
Observation 2: RSRP-based beam switching is better than location based at 70 – 80 degree elevation angles. 
Observation 3: Introducing a fixed linkage between BWP and satellite beam is unnecessary.
Observation 4: Depends on the form factor and complexity of the RF implementation, the supported polarization can vary between UE to UE. 
Observation 5: To support various types of devices with different polarization modes, it is necessary for the network to know the UE polarization capability to ensure a robust link between satellites and UEs. 
Observation 6: The mechanism of polarization indication need to be carefully designed so that all type of UEs can operate property in NTN network. 
Observation 7: The UE awareness of gNB polarization of reference signal, e.g., SSB, can improve the beam management performance.  
Proposal 1: The beam used at UE side should be indicated by gNB via downlink information in NTN. 
Proposal 2: Support preconfigured location-based beam switching in NTN. 
Proposal 3: Reuse the beam indication and BWP indication methods in Rel.15/16. BWP indication and beam indication should be coordinated. 
Proposal 4: Further study BWP switching without data scheduling or with invalid data scheduling.
Proposal 6: Inter-user multiplexing on the polarization domain based on UE capability is supported.   
Proposal 7: Support polarization information indication for both serving and non-serving cells in UE-specific RRC. 
Proposal 8: Support polarization indication per SSB in SIB.
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