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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 RAN#1 102e and RAN1#103e meeting [2][3], following agreements were achieved on beam management and polarization:
	Agreement:
One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· FFS: The need for potential enhancement for beam management 
· FFS: The need for potential enhancement on association of SSBs, beams and BWPs
Agreement:
Indication of polarization information for DL and UL by the network is supported. 
· FFS: Signaling details


In this contribution we share our considerations on cell/beam/frequency planning and SSB arrangement in section 2, beam management in section 3 and support of polarization signaling in section 4.
2 Cell/beam/frequency planning and SSB arrangement
In previous meetings, it was agreed that both one-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN. Based on TS 38.300, there are two types of mobility: cell level mobility and beam level mobility. Cell level mobility requires explicit RRC signaling and RRC reconfiguration, while beam level mobility is dealt with at lower layers by PHY and MAC layer and RRC is not required to know which beam is being used at a given point in time. Compared to cell level mobility, beam level mobility is easier and time saving. Therefore, the beam level mobility for intra-satellite beam switching and multi-beam per cell are preferred.
[bookmark: _GoBack]Using different frequencies in adjacent satellite beams can reduce the co-channel interference significantly. But beam level mobility is based on an understanding that both source and target beams are on the same component carrier. A possible solution is configuring adjacent beams with different BWPs within a cell. Two options for cell/beam/frequency planning are shown in Fig.1, where Opt.1 grouping part of adjacent beams within a cell and Opt. 2 grouping all beams from one satellite within a cell.
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Opt.1 Cell with part of adjacent beams 		Opt.2 Cell with all beams within a satellite
Figure 1. Options for cell/beam/frequency planning for multi-beam per cell mapping.
In Rel.15, SSB based beam selection was supported and a gNB can identify which SSB is selected by a UE based on the preamble ID transmitted in the RACH resource. The SSBs have a unique SSB index but the same cell ID and indicate the same system information. The beam width of SSB can be narrow or wide which is up to gNB implementation, and beam sweeping is needed if narrow beam is used. The UE performs DL synchronization and RACH procedure on initial BWP, i.e., BWP#0. After entering RRC connected mode, the gNB can configure another BWP for the UE as the dedicated or active BWP. While, it requires that the satellite beam can transmit the SSB on BWP#0 in addition to transmit other channels such as PDCCH/PDSCH on the activated BWP.
The existing SSB arrangement in TN can be reused in NTN. Two examples for SSB arrangement are shown in Fig.2, where Example A has narrow SSB beam and Example B has wide SSB beam, the SSBs are in the initial BWP while the CSI-RS are in the dedicated BWP, e.g., BWP #1~#3, the CSI-RS and SSB are QCL-ed respectively. 
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Example. A Narrow SSB beam 
[image: ]
Example. B Wide SSB beam 
Figure 2 Examples of SSB arrangement
Enhancements on system information transmission were discussed together with SSB arrangement in NTN, for example, the CORSET#0 may be in a different BWPs and to the one in which RACH is carried out. This kind of enhancement needs much more specification work. Benefits should be first identified before starting the work.
Proposal 1: SSBs of satellite beams in the same cell are transmitted in the same BWP, e.g., BWP#0. 
3 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 info based on the beam selection results. We will discuss beam selection and beam indication in this section. 
Beam selection
For Earth-fixed beam scenario, the UE performs initial beam selection during the initial access process. After UE connected to the network and camped to one satellite beam for the meanwhile, the serving satellite beam is not likely to change during the dwelling time of the satellite. The beam in UE side might be varied with time if the UE has multiple beams. As figure 3(a) shows, the UE uses beam#1 at T1 and beam#2 at T2. However, if the UE uses omni-directional antenna as figure 3(b) shows, beam selection at UE side is unnecessary.
For Earth-moving beam scenario, the UE performs initial beam selection during the initial access process. After UE connected to the network and camped to one beam for the meanwhile, the serving beam needs to change successively during the dwelling time of the satellite. As figure 4(a) shows, the UE uses beam#1 to camp on Beam C at T1 and uses beam#2 to camp on Beam A at T2. Both beam selection at gNB side and beam selection at UE side are needed. However, if the UE use omni-directional antenna as figure 4(b) shows, beam selection at UE side is unnecessary while beam selection at gNB side is still needed.
Observation 1: in Earth-fixed beam scenario, beam selection in UE side is needed.
Observation 2: in Earth-moving beam scenario, beam selection in both gNB side and UE side are needed. 
[image: ] [image: ]
 (a) with UE beamforming (b) without UE beamforming
Figure 3. Earth-fixed beam scenario
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(a) with UE beamforming (b) without UE beamforming
Figure 4. Earth-moving beam scenario
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, how to implement the beam estimation based on UE/satellite location is not clear and whether the beam estimation results without measurement is accurate is unclear, neither. Additionally, the gNB should be able to adjust the beam direction in UE side for other purpose such as uplink interference coordination from the network perspective, in that sense, it is better for gNB to decide the UE side beam.
Proposal 2: The beam used in UE side should be indicated by gNB via downlink information such as SRI in NTN. 
Based on current spec., both UE side beam and gNB side beam are decided by the gNB as following. 
· For gNB side beam selection, the gNB configures UE to measure on multiple CSI-RS resources with repetition OFF for gNB side beam sweeping and selection.
· For UE side beam selection, the gNB configures UE to measure on multiple CSI-RS resources with repetition ON for UE side beam sweeping and selection for DL reception. While the UE side beam selection for UL transmission can be performed by the following two methods.
· Method 1: UE uses the same beam for DL reception and UL transmission. From the specification perspective, the reference signal for PUCCH-spatial relation info and SRS resource indicator are linked with DL RS. Take PUCCH as an example, if PUCCH-SpatialRelationInfo provides ssb-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a SS/PBCH block with index provided by ssb-Index for a same serving cell.
· Method 2: UE may use different beam for DL reception and UL transmission. From the specification perspective, the reference signal for PUCCH-spatial relation info and SRS resource indicator are linked with UL RS. Take PUCCH as an example, if PUCCH-SpatialRelationInfo provides srs, the UE transmits the PUCCH using a same spatial domain filter as for a transmission of a SRS with resource index provided by resource for a same serving cell. 
	In Method 1, the UE may use different beam even indicated with the same gNB side beam based on the measurement results. In that sense, it is necessary for UE to perform UL beam sweeping to update the beam at UE side periodically. In Method 2, The gNB configures the UE to transmit SRS for beam management and choose the proper beam based on SRS measurement. In that sense, it is necessary for gNB to measure on those SRS resources periodically for correct indication. Based on the discussion above, beam measurement used in the terrestrial network is still necessary in NTN, however, additional complexity needed such as BWP switching for beam measurement. 
Observation 3: Beam measurement is necessary and the existing beam measurement method in Rel.15/16 can be reused in NTN. 
Beam indication
In Rel-15/16, the beam indication and BWP indication are signaled independently, the existing mechanism is the baseline for beam/BWP indication in NTN. As the satellite beams are only transmitted with dedicated BWPs in NTN, the indication of beams and BWPs should be coordinated when signaled independently. For example, there are both TCI field and BWP field in DCI format 1_1 for downlink scheduling, while the QCL info together with BWP info are included in the TCI state which is pre-configured by RRC. UE is not expected to receive a beam indication, while the beam is not transmitted in the indicated BWP.
Proposal 3: Reuse the beam indication and BWP indication method in Rel.15/16. Furthermore, the BWP indication and beam indication should be coordinated. 
4 Polarization indication
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 larger spectral efficiency can be expected. From the UE 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 polarization (linear or elliptical, e.g. FR1 devices)
· Circular polarization (LHCP or RHCP, defined by antenna, e.g. GPS antennas)
· Adaptively changes its polarization to fit any polarization (e.g. dual feed patch antennas, i.e. most FR2 devices/panels).
Single polarization typically requires the simplest design in terms of antenna and feeding networks. Similarly, the CP antenna design is usually a dedicated optimization to balance the phase and amplitude between the two orthogonal E-field components. 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. For the NTN network to be able to use the polarization domain (e.g., configure the resources on different polarization of the DL signal), the network must know the supported polarization modes on the UE side. To obtain the UE capability on the supported polarization modes, the network can either request a UE reports 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. 
As stated earlier, the network can be more flexible when configuring resources by using the polarization domain. In the multi-user scenario, the network can multiplex users over the polarization domain if it knows the supported polarization modes' UE capability. For example, 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. In addition, if multiple users can adaptively change the polarization, the network can also configure their polarization and the corresponding DL/UL resources on two orthogonal domains through controlling signaling (e.g., through TCI state). 
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, including the SSB broadcast signal over two orthogonal polarizations, can be considered once the basic framework of polarization for NTN network is determined. 
Observation 4: The UE capability on the supported polarization mode is necessary for the NTN network to use the polarization domain. Such a capability can be either reported explicitly by the UE or implicitly through the UE measurement and reporting of the DL RS on two orthogonal polarizations. 
Observation 5: The gNB can configure multi-user multiplexing on the polarization domain based on UE capability. 
Proposal 4: UE polarization capability should be reported to the gNB, where the UE supported polarization mode can include linear polarization, circular polarization and adaptive polarization. 
Proposal 5: Multi-user multiplexing on the polarization domain based on UE capability is supported.   
Proposal 6: Beam management, e.g., spatial relation, in NTN network can include polarization aspect. 
5  Summary 
In this contribution, we provide considerations on beam management and polarization for NTN. Following is our observations and proposals: 
Observation 1: in Earth-fixed beam scenario, beam selection in UE side is needed.
Observation 2: in Earth-moving beam scenario, beam selection in both gNB side and UE side are needed.
Observation 3: Beam measurement is necessary and the existing beam measurement method in Rel.15/16 can be reused in NTN. 
Observation 4: The UE capability on the supported polarization mode is necessary for the NTN network to use the polarization domain. Such a capability can be either reported explicitly by the UE or implicitly through the UE measurement and reporting of the DL RS on two orthogonal polarizations. 
Observation 5: The gNB can configure multi-user multiplexing on the polarization domain based on UE capability. 

Proposal 1: SSBs of satellite beams in the same cell are transmitted in the same BWP, e.g., BWP#0. 
Proposal 2: The beam used in UE side should be indicated by gNB via downlink information such as SRI in NTN. 
Proposal 3: Reuse the beam indication and BWP indication method in Rel.15/16. Furthermore, the BWP indication and beam indication should be coordinated. 
Proposal 4: UE polarization capability should be reported to the gNB, where the UE supported polarization mode can include linear polarization, circular polarization and adaptive polarization. 
Proposal 5: Multi-user multiplexing on the polarization domain based on UE capability is supported.   
Proposal 6: Beam management, e.g., spatial relation, in NTN network can include polarization aspect. 
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