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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN#80, a new study item on solutions evaluation for NR to supported non-terrestrial network (NTN) was approved and the latest SI description was agreed in [1]. The SI has the following RAN1 related objectives:
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
In this contribution, we discuss beam management and polarization aspects for NTN. 
2. Beam management  
In NTN, beam footprint (or spot beam) created by satellite beam can be handled as either “cell” or “beam” as defined in Rel.15. In case of operation with one beam per cell, physical layer behaviour would be straightforward although more higher layer procedure are required due to frequent handover especially for LEO. In case of operation with multiple beams per cell, L1 beam management in Rel.15 should be reused as much as possible. In case of frequency reuse larger than 1, there would be two methods. One is to divide system bandwidth into multiple BWPs (bandwidth parts) and use one BWP for each satellite beam. The other is to use multiple carriers (or component carriers). 
Figure 1 shows a conceptual illustration for time frequency resource for SSB, SIB and CSI-RS in case of multiple beams per cell with frequency reuse 1. SSB, SIB and CSI-RS are transmitted from each beam on the carrier. Beam is identified from detected SSB/CSI-RS by UE. For UE movement within a cell, Rel.15 beam management would be reused in a straightforward manner.  
Figure 2 shows the illustration for multiple beams per cell with frequency reuse 3 using multiple BWPs. Each frequency is associated with BWP. SSBs and SIBs are transmitted on BWP0. Initial access UE detects SSB, read SIB and perform RACH procedure on BWP0. After transition to RRC connected, BWP corresponding to detected SSB (i.e. beam) is configured to the UE. Thereafter, UE monitors the assigned BWP. For this operation, satellite transponder needs to be able to transmit SSB/SIB on a frequency of BWP0 in addition to BWP associated with the frequency, i.e. wider bandwidth than BWP. For example, beam with F2 has to transmit SSB/SIB and PDCCH/PDSCH for RACH procedure on F0. 
Especially for LEO with moving beams, UE needs to prepare a frequent beam switching. RRC_IDLE and RRC_INAVTIVE UE would measure SSBs only on the default BWP for beam switching. RRC_CONNECTED UE with wideband support would measure the default BWP in addition to the BWP assigned to the UE. On the other hand, UE with narrower bandwidth would need to monitor default BWP by frequently switching BWPs. If this is not acceptable from UE power consumption and limitation of scheduling opportunity, CSI-RS could be transmitted on all BWPs from each beam to avoid a frequent BWP switching. 
Figure 3 shows the illustration for one beam per cell with frequency reuse 3. SSB, SIB and CSI-RS are transmitted from each beam on the respective carrier. Contrary to Figure 2, signal on only one carrier is transmitted by each satellite beam. Therefore, satellite transponder only need to support transmission of divided bandwidth. On the other hand, UE needs to make inter-frequency measurement for handover in this case. For GEO and LEO with earth fixed beam, this would not be a big problem because handover would not be so frequent. For LEO with moving beams, frequent inter-frequency handover would need to be triggered. The feasibility would be up to RAN2 discussion. 
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[bookmark: _Ref21027894]Figure 1 multiple beams per cell (frequency reuse 1)
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[bookmark: _Ref21028204]Figure 2 multiple beams per cell (frequency reuse 3)
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[bookmark: _Ref21028812]Figure 3 one beam per cell (frequency reuse 3)
Observation 1: For frequency reuse 1, Rel.15 beam management mechanism can be used for satellite beam switching. 
Observation 2: For frequency reuse > 1, depending on satellite capability, two Rel.15 based schemes can be used. One is to divide system bandwidth into multiple BWPs (bandwidth parts) and use one BWP for each satellite beam, and the other is to use multiple carriers (or component carriers). 
Proposal 1: Use above analysis in this section as a base of TP to TR38.821. 

3. Support of circular polarization 
Circular polarization is used in the existing satellite communication systems. In the evaluation assumption for the study item [TR38.821], polarization reuse to mitigate inter-cell/beam interference is described. Although polarization is fixed per cell/beam in the existing satellite communication systems, e.g. 4-color system, polarization can also be utilized as a multiplexing method to increase system throughput similar to spatial reuse or SU-/MU-MIMO. In order to allow for a flexible operation depending on satellite capability or deployment scenarios, it is desired to support circular polarization in NTN. At least the following two should be supported. 
- Fixed polarization per cell/beam 
- Multiplexing by polarization (intra-UE and inter-UE)
Regarding the terminal capability, VSAT and phased array antenna for satellite communication typically support circular polarization. On the other hand, handheld terminal or IoT terminal typically have linear polarization antennas. But, it is possible to receive and transmit circular polarization signal using linear polarization antennas. UE with single linear polarization antenna can also receive circular polarization with 3dB de-polarization loss.  
Necessity of signalling
For an operation with fixed polarization per cell/beam, UE may switch polarization for reception of SSB (for initial access) and adopt SSB with larger reception power when both polarizations are detected. For such operation (i.e. blind polarization detection), additional signalling may not be needed. However, this would burden additional UE complexity and processing delay for SSB detection. Furthermore, if UE detects wrong polarization and transmit uplink data with the wrong polarization, it causes a severe inter-cell/beam interference. Therefore, it is desirable to explicitly notify information on polarization to the UE. 
Signalling details including how dynamically indicated should be discussed in potential work item phase. 

Proposal 2: At least operation with fixed polarization per cell/beam and operation with intra-UE and inter-UE multiplexing by circular polarization should be supported. 
Proposal 3: Explicit notification on polarization to the UE should be supported. Signalling details should be discussed in potential work item phase.

4	Conclusion 
Here we summarize the proposals from the sections above:
Proposal 1: Use analysis on beam management in section 2 as a base of TP to TR38.821. 
Proposal 2: At least operation with fixed polarization per cell/beam and operation with intra-UE and inter-UE multiplexing by circular polarization should be supported. 
Proposal 3: Explicit notification on polarization to the UE should be supported. Signalling details should be discussed in potential work item phase.
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