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Introduction
In the previous RAN1 meeting, the following agreements have been made in this agenda item:
	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:
Potential enhancements for support of polarisation signalling in NR NTN can consider at least the following:
· Configuration of DL and UL transmit polarization including Right hand and Left hand circular polarizations (RHCP, LHCP) 
· Network broadcast DL and UL transmit polarization configuration  
· UE polarization capability (RHCP, LHCP, Linear)
· Dependence of polarisation signaling on deployment scenarios. For example,
· Resource reuse mode with/without polarization for the beam management enhancement 
· Fixed polarization per cell/beam for polarization reuse and circular polarisation with intra-UE and inter-UE multiplexing (intra-UE and inter-UE) signalling 



 
In this paper, we discuss following related issues:
- the need for potential enhancement on association of SSBs, beams and BWPs
- the need for potential enhancement for beam management
- Polarization signaling   
SSB arrangement and BWP operation
In the previous meeting, two alternatives of SSB arrangement have been discussed (see Feature Lead Summary [1]):
Alt 1: SSBs of all satellite beams in a same cell are transmitted within a same frequency interval and do not overlap in time
Alt 2: SSBs of a cell are transmitted in different frequency interval, i.e., within their respective BWPs.
Alt 1 is basically the Rel-15/16 design, where cell defining SSBs of a cell are transmitted in the same frequency with TDMed manner. Such design can significantly reduce the initial access time because UE only needs to search a few sparse synchronization raster. In our opinion, this should be the baseline for Rel-17 NR NTN. 
Alt 2 has been claimed to have the advantage of avoiding frequency retuning of the satellite beam from its BWP in order to transmit an SSB. However, in our view, it should be first clarified the assumption of satellite RF bandwidth. If the satellite beam is capable of operating at a RF bandwidth wide enough to cover whole carrier bandwidth, Alt 1 does not require frequency retuning of satellite beam as well. Then the merit of Alt 2 is not justified. 
Proposal 1: Reuse Rel-15/16 SSB arrangement as the baseline for Rel-17 NR NTN.
Another related question is whether there is a need for introducing beam-specific BWP for NR NTN. The argument is to facilitate frequency reuse factor larger than 1 to reduce the interference of neighboring satellite beams. By assigning each satellite beam with a different BWP, beam switching would automatically trigger the switching of beam-specific BWP. 
Although we acknowledge that interference coordination among neighboring satellite beams are necessary in view of the fact that the coverage of neighboring beams can be largely overlapping, we don’t favor the semi-static frequency reuse planning such as increasing the reuse factor more than 1. Instead, interference coordination should be handled in more dynamical way and the Rel-15/16 BWP operation has already supported it. Note that BWP in Rel-15/16 is defined from individual UE perspective, and therefore when it is used for interference coordination in NTN, BWP can be configured and activated/de-activated for each UE individually based on the actual interference the UE is experiencing. If inter-beam interference is not so server from a given UE perspective, there is no need to switch BWP when the UE is switched to the neighboring beam. On the other hand, if BWP needs to be switched when beam is switched, Rel-15/16 BWP switching indication is also workable. The above flexibility would be lost if BWP is mandated to switched together with beam switching when beam-specific BWP is introduced. 
Proposal 2: Reuse Rel-15/16 BWP operation framework as the baseline for Rel-17 NR NTN.

Beam management 
In Rel15/16 NR beam management framework, to adjust the DL Tx-side beam, the gNB relies on the CSI reporting from UE, e.g. L1-RSRP. UE needs to measure SSB or NZP-CSI-RS of its serving beam and neighboring beams and report the result back to gNB. Then gNB can adjust the serving beam for the UE. Such serving beam can be indicated to the UE via “TCI state”. For PDCCH, the MAC CE is used to activated one TCI state over a set of RRC configured TCI states for each CORESET. For PDSCH, DCI in the PDCCH can be used to indicate its TCI state, otherwise (i.e. the presence of TCI field in DCI is not configured), TCI state for PDSCH will follow PDCCH.
As can be seen from the above, the NR beam management framework already supports quite dynamic beam adaptation. This is mainly motivated by FR2 usage where the beam radio quality can be very sensitive to location and/or time. For FR1, such level of beam dynamics is not expected for NR UEs.   
For GEO scenarios in NTN, the beam switching would not happen so frequently, and above NR beam management framework for terrestrial networks can work well in FR1 and FR2. On the other hand, for non-Geostationary Earth moving cell scenarios, the beam switching is actually caused by the satellite movement itself. For example, for the LEO satellite reference deployments according to Table 4.2-2 and Table 7.1-1 in TR 38.821, the ground speed of moving cells is 27,216 km/h, and UE needs to perform beam switching roughly every 6 seconds at shortest regardless of whether UE is moving or not. Such frequent beam switching can happen in FR2 of terrestrial environment but may not be assumed for FR1 of terrestrial environment. The frequent beam switching could bring increased signaling overhead and UE power consumption. Therefore, enhancements on the beam management for NTN moving cell can be considered.    
Some enhancement can partially rely on gNB implementation. More specifically, in LOS case, it is highly predictable which beam is best suitable for the UE once the UE (initial) location is known to the gNB. With this in mind, there is less motivation for gNB to configure frequent L1-RSRP reporting configuration for beam management. Instead, UE should report its location once the RRC connection is established. Then based on this location information, gNB can predict the UE’s relative location to the satellite in the LEO moving cell scenario and then choose the correct DL Tx beam for the UE and UL Rx beam from the UE in a defined order with associated timings. The reporting of UE location information can occur sparsely, because UE’s own movement can be ignored when selecting the DL Tx-side beam and UL Rx-side beam.
Further, the signaling overhead for beam indication (e.g. via MAC CE and DCI) can also be reduced thanks to the predictability of the serving beam. One way could be, to allow the TCI state of CORESET is activated according to a preconfigured pattern with associated timings. Such pattern depends on the UE location and satellite ephemeris information, and can be configured by RRC.  
Proposal 3: Schemes to reduce the signaling overhead and UE power consumption for beam management in moving cell scenarios can be considered, e.g. a list of multiple beams with associated timings for switching is indicated to the UE by RRC. 

[bookmark: _Hlk47469205] Polarization signaling
Circular polarization (RHCP and LHCP) is used in the existing satellite communication systems. 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 without depolarization loss using two linear polarization antennas [TR38.821]. Even UE with single linear polarization antenna can also receive and transmit circular polarization with 3dB de-polarization loss. Therefore, circular polarization should be supported in Rel.17 NTN. 
In the evaluation assumption during the study item, polarization reuse is considered to mitigate inter-cell/beam interference [TR38.821]. On the other hand, polarization can also be utilized as a multiplexing method to increase system throughput similar to SU-/MU-MIMO in a cell/beam. In order to allow for a flexible operation depending on satellite capability or deployment scenarios, it is desirable to support a flexible deployment of circular polarization in NTN. 
Proposal 4: Signaling for the following two usages of circular polarization should be supported. 
· Polarization reuse for inter-cell/beam interference mitigation
· Polarization multiplexing for throughput improvement

Signaling for polarization reuse 
For polarization reuse, RHCP or LHCP is configured per satellite beam, i.e. per cell or per SSB-beam. For initial cell search, UE would need to detect SSB blindly (i.e. without information on polarization) because information on the beam might not be available before the reception of SIB. It may be possible for UE to use the same polarization as the detected SSB for the transmission and reception of initial access procedure and later. On the other hand, if UE detects wrong polarization and use the wrong polarization for transmission and reception, it causes a severe UL inter-cell/beam interference as well as degradation of DL reception performance. Therefore, it is desirable to explicitly indicate information on polarization used for the satellite beam to the UE. 
At least for initial access, information on the polarization should be broadcasted via SIB because the polarization is satellite beam level configuration in case of polarization reuse. If multiple satellite beams are used within a cell, information on the polarization for each SSB would be included in the SIB. 
For handover and/or beam switch, UE would measure signal strength of SSB and NZP-CSI-RS of neighboring satellite beams based on the indication from gNB. For an appropriate measurement, signaling on the polarization to be used for the measurement of SSB and NZP-CSI-RS would be necessary. In addition, information on the polarization to be used for the target cell/beam would need to be indicated to UE. 
Proposal 5: For operation with polarization reuse, information on satellite beam level polarization should be indicated. For the signaling design, polarization to be used at least for initial access, polarization to be used for SSB/CSI-RS measurement and polarization for target beam/cell should be taken into account. 

Signaling for polarization multiplexing
For polarization multiplexing, RHCP and LHCP are used to multiplex separate data streams within a satellite beam. Similar to SU-MIMO/MU-MIMO in terrestrial networks, it would be desirable to support both intra-UE multiplexing and inter-UE multiplexing. An operation together with polarization reuse discussed in section 4.1 is also possible. In this case, polarization for multiplexing of PDSCH/PUSCH is indicated on top of cell/beam level polarization broadcasted via SIB. 
For signaling for polarization multiplexing, existing DCI indication for MIMO in NR Rel.15/16 can be reused, e.g. using antenna port indication and TPMI indication, to have commonality with legacy NR as much as possible. 
Proposal 6: For operation with polarization multiplexing, information on the polarization should be indicated in DCI for scheduling PDSCH/PUSCH. 

Conclusion
In this paper, we have discussed issues related to the need for potential enhancement on SSB arrangement, BWP operation, beam management, and polarization signaling . The proposals are as follows:
Proposal 1: Reuse Rel-15/16 SSB arrangement as the baseline for Rel-17 NR NTN.
Proposal 2: Reuse Rel-15/16 BWP operation framework as the baseline for Rel-17 NR NTN.
Proposal 3: Schemes to reduce the signaling overhead and UE power consumption for beam management in moving cell scenarios can be considered, e.g. a list of multiple beams with associated timings for switching is indicated to the UE by RRC. 
Proposal 4: Signaling for the following two usages of circular polarization should be supported. 
· Polarization reuse for inter-cell/beam interference mitigation
· Polarization multiplexing for throughput improvement
Proposal 5: For operation with polarization reuse, information on satellite beam level polarization should be indicated. For the signaling design, polarization to be used at least for initial access, polarization to be used for SSB/CSI-RS measurement and polarization for target beam/cell should be taken into account. 
Proposal 6: For operation with polarization multiplexing, information on the polarization should be indicated in DCI for scheduling PDSCH/PUSCH. 
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