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1. Introduction

In the recent two RAN1 meetings, the beam related issues were discussed and we have reached the following agreements [1]:

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 

Agreement:
Indication of polarization information for DL and UL by the network is supported. 

· FFS: Signaling details
In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. We hope that our contribution may help making some progresses on this agenda item. 

2. Discussion

2.1. Earth moving beam vs. Earth fixed beam
In last meeting, RAN1 has identified two deployment scenarios with the satellite beams, i.e. earth fixed beam and earth moving beam. For the earth fixed beam deployment, the beam can be adjusted by the satellite while satellite moving. Thus, the UE may be using a same beam for a longer period of time. For this scenario, one beam per cell is envisioned. On the other hand, for the earth moving beam deployment, the serving beam will change from time to time, in this case, if one beam per cell is applied, the UE will have to suffer from frequency handover, leading to an interrupted communication. A reasonable working assumption for the earth moving beam case is to let multiple beams associated with a same cell. Thus, the serving beam change can be handled directly with the beam management mechanism. 
Observation 1: multiple beam associated with a same cell is suitable for earth moving beam deployment scenario. 

2.2. NTN beam management
In Rel. 15 NR, the beam management involves the mechanism for the UE and network to pair a suitable beams, e.g. Tx/Rx beam paring and allows the UE to monitor the beam quality, if a failure happens, the beam management mechanism also allows the UE to switch from a failure beam to a good beam, which is also known as beam failure recovery. Naturally, the same principle can be applied for NTN beam management, i.e. in case of an earth moving beam scenario, the UE can pair its Rx beam with a Tx beam and continue monitoring the quality of the serving Tx beam, until a beam failure happens, the UE shall be able to switch from a failure satellite beam to a new satellite beam with a good quality. 
The main difference for NTN system is that the different satellite beams may be transmitted in a FDM fashion so that the inter-beam interference is under controlled, as shown in Fig. 1, a FRF=3 is depicted. For this a straightforward way, which was also discussed in the RAN1#102-e meeting, is that different satellite beams may be transmitted in different frequency band for a given serving cell. In this sense, introducing a satellite beam dedicated BWP may be a simple choice. Following this idea, the potential enhancement is how to define a satellite beam dedicated BWP and if we need to increase the number of the configured BWP for a cell.  
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Fig. 1, frequency reuse factor (FRF)=3

Proposal 1: consider enhancement on defining satellite beam dedicated BWP. 
Proposal 2: study the need to increase the number of the configured BWP for a serving cell. 
2.3. SSB vs. satellite beam

In the last meeting, the initial access procedure, in particular for SSB transmission in an initial DL BWP was discussed. So far, it is not very clear the relationship between a SSB beam and a satellite beam. There might be two assumptions, as shown in Fig. 2. In the first assumption, the SSB beams are refined beams under a given satellite beam. Or in the other assumption, a SSB beam is simply equivalent to a satellite beam. In Rel. 17 NTN, a simple working assumption can be a SSB beam is a satellite beam. 
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Fig. 2: SSB beam and satellite beam relationship
Proposal 3:  In Rel. 17, a SSB beam is assumed to be a satellite beam. 
2.4. SSB transmission in initial BWP
In last meeting, two different SSB transmission options for frequency reuse >1 cases were discussed. In the first option the SSB transmission is similar to Rel. 15 and different SSB beams of the cell are transmitted in a same SS raster. This implies that UEs in different footprints will access the network from a same initial DL BWP. After connecting to the network, the UE can further be configured to a satellite dedicated BWP, as shown in Fig. 3. The advantage is that for SSB detection and cell search, we can maximally reuse the Rel. 15 mechanism; while a potential drawback is that satellite needs to maintain a beam direction in different frequency. 
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Fig. 3: SSB transmission follows Rel. 15 principle
The other option is that different SSB beams corresponding to different satellite beams are actually transmitted in different SS rasters which result in multiple initial DL BWP. The idea is quite simple and it follows the frequency reuse philosophy, i.e. a satellite beam is associated with a dedicated BWP. On the other hand, this option may require more specification effort as it deviates from the Rel. 15 initial access procedure. 
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Fig. 4: SSB beams are transmitted in separate initial BWPs
Proposal 4: two options of SSB transmission are studied: 
· Option 1: Rel. 15 concept, i.e. different SSB beams are transmitted at the same SS raster in the same initial BWP

· Option 2: Following frequency reuse concept, i.e. different SSB beams are transmitted at different SS rasters in the different initial BWPs
· Taking option 1 as a baseline. 
2.5. Polarization indication

A UE can implement different polarization types other than linear polarization. To achieve this end, the UE needs to implement active antenna instead of passive antenna. On the other hand, designing active antenna imposes challenges on the UE cost basis and device dimension. In the market, the smartphone-like UE or IoT-type UE do not implement with active antenna, which means that they can support only linear antenna polarization.  

Observation 2: smartphone like UE and IoT-type UE are usually implemented with linear polarization. 
More advanced UE capability can be envisioned to support a unified active antenna structure, which achieves a configurable antenna polarization feature. Thus, in R17 NTN system, a basic polarization is linear polarization and UE can report to the gNB its polarization capability, if the UE supports configurable polarizations. Furthermore, the gNB should assume that a linear polarization is used on UE side for receiving and transmitting before UE capability reporting. 
Proposal 5: UE reports to the gNB about its supported polarization types.
In the last meeting, RAN1 agreed to design a signaling about the antenna polarization. It indeed is up to how dynamic the satellite expects to vary the polarization. In some cases, the satellite uses RHCP and LHCP to realize polarization multiplexing within a same time-frequency resource. If this multiplexing is a semi-static or static decision, the gNB can inform the UE in a system information. One example is that a satellite beam 1 is associated with RHCP and a satellite beam 2 is associated with LHCP. With this configuration, the two satellite beams can use the same frequency without introducing intra-frequency inter-beam interference. On the other hand, if the satellite needs to dynamically adjust the polarization, e.g. using polarization to multiplex UEs for downlink and uplink, the gNB needs to indicate, in a scheduling DCI, the information about a configured or assigned polarization to receive and to transmit a transmission. 
Proposal 6: for static multiplexing via polarizations, gNB indicates the polarization information in system information. 

Proposal 7: for dynamic polarization assignment such as for UE multiplexing via polarization, gNB indicates the polarization information in DCI. 
3. Conclusion

In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. The following observations and proposals were made, e.g. 

Observation 1: multiple beam associated with a same cell is suitable for earth moving beam deployment scenario. 
Observation 2: smartphone like UE and IoT-type UE are usually implemented with linear polarization. 
Proposal 1: consider enhancement on defining satellite beam dedicated BWP. 

Proposal 2: study the need to increase the number of the configured BWP for a serving cell. 
Proposal 3:  In Rel. 17, a SSB beam is assumed to be a satellite beam. 

Proposal 4: two options of SSB transmission are studied: 

· Option 1: Rel. 15 concept, i.e. different SSB beams are transmitted at the same SS raster in the same initial BWP

· Option 2: Following frequency reuse concept, i.e. different SSB beams are transmitted at different SS rasters in the different initial BWPs
· Taking option 1 as a baseline. 

 Proposal 5: UE reports to the gNB about its supported polarization types.
Proposal 6: for static multiplexing via polarizations, gNB indicates the polarization information in system information. 

Proposal 7: for dynamic polarization assignment such as for UE multiplexing via polarization, gNB indicates the polarization information in DCI. 
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