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1. [bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
In RAN1#105-e, the following conclusions and agreements were reached [1].
Agreement:
Same beam layout in BWP#0 and BWP#x (Option 1) and hierarchical beam for BWP#0 (Option 2) should be supported by the specifications for NR-NTN.
· FFS: Whether any specification changes are needed specifically to support this functionality
In RAN1#106-e, the following agreements were reached [2].
Agreement:
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
· FFS: whether polarization signalling is per SSB
In RAN1#106bis-e, the following agreements were reached [3].
[bookmark: OLE_LINK1]Agreement:
Support polarization signalling for target serving cell in handover command message.
Agreement:
Support polarization signalling for non-serving cell in RRM measurement configuration.
In this contribution, we discuss the remaining issues on polarization. 

1 Remaining issues on polarization
1.1 Polarization Indication 
In RAN1#105-e, two options for beam layout with regarding the different relationships between BWP#0 and BWP#x were agreed to be supported by the NR-NTN specifications [1]. 
[image: C:\Users\z00591969\AppData\Local\Microsoft\Windows\INetCache\Content.Word\fig_bwp0narrow.jpg]                                      [image: fig_bwp0wide]                                
(a) Option-1: same beam layout BWP#0 and BWP#x          (b) Option-2: umbrella beam layout BWP#0 and BWP#x 

Figure 1. Beam layout for BWP#0 and BWP#x
As depicted in Figure 1, a satellite cell contains several spot beams and each beam is associated with a dedicated BWP. For option-1, the initial BWP#0 is transmitted in a narrow beam that has the same beam footprint as the BWP#x beams. The SSBs are transmitted in a TDM manner, i.e. the beam for BWP#0 sweeps across footprints of all spot beams. For option-2, beam layout is hierarchical where the SSBs in initial BWP#0 are transmitted in an umbrella beam which covers the union of all spot beams.  Option-1 allows the SSBs in initial BWP#0 to transmit different SIB information for different spot beams. Thus, the polarization signalling in SIB could be beam-specific in BWP#0 when it is sweeping across each footprint of all the spot beams. Option-2 transmits the same SSBs in initial BWP#0 to all footprints of all spot beams. Thus, the polarization signalling in SIB will be the same as the same BWP#0 across different spot beams and for other physical channels carrying data and reference signal in each beam, the same polarization can be assumed.
Moreover, according to the system level simulation assumption in 38.821 [5], polarization re-use can be applied among beams to reduce the inter-beam interference, however, with hierarchical SSB and the current agreement of polarization signalling, how to know the polarization mode in each beam is not clear. 
Observation 1: Option-1 layout allows different polarization signalling in SIB for each spot beam. 
Proposal 1: For polarization signalling in SIB, support per SSB polarization indication and the same polarization can be assumed for other physical channels in each beam.

1.2 Polarization Multiplexing
In RAN1#106bis-e, polarization multiplexing was discussed where a gNB may transmit/receive multiple streams in a time-frequency resource with different polarizations, where the multiple streams may target/from the same UE (intra-UE polarization multiplexing) or different UEs (inter-UE polarization multiplexing) [4]. In this contribution, we continue the discussion on the necessity and feasibility of supporting polarization multiplexing.
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[bookmark: _Ref82786031]Figure 2 Multiple polarizations per SSB
Figure 2 illustrates that each SSB can assign different polarization mode, for example the beams with SSB#1, SSB#3 and SSB#5 can be assigned with both LHCP and RHCP and on the other beams with only one polarization mode. In each beam we have UEs with various polarization capabilities (i.e. LHCP, RHCP, Polarization-division multiplexing, and Linear). Note, some UEs that support both LHCP and RHCP might not support PDM due to the lack of multi-layer data processing capability. 
For the above-mentioned beams which assigned with both LHCP and RHCP, the gNB could schedule the radio resources as illustrated in Figure 3. The same RBs in both LHCP and RHCP dimensions could be assigned to the same UE which 1) supports PDM with two-layer data to enhance the throughput; 2) supports PDM with one-layer data to enhance the link robustly and extend the coverage via soft-combining the LHCP and RHCP channel data; or 3) supports only linear polarization with one-layer data to enhance the link robustly and extend the coverage via combining the LHCP and RHCP signal from the receiver linear antennas (2 RX with each antenna element associated to one Rx branch for handheld terminal [5]).
The same RBs in LHCP and RHCP dimensions could be assigned to two UEs with 1) each UE supports particularly the orthogonal circular direction to do inter-UE multiplexing; or 2) one UE supports PDM and one UE support one particular circular direction to do inter-UE multiplexing and to enhance the radio resource scheduling flexibility. 
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[bookmark: _Ref82786040]Figure 3 Radio Resource Scheduling for multiple polarization per SSB case
The above scheme could 1) enhance the link robustness or extend the coverage of the UEs with only linear antennas (e.g. Handheld) by adding 3 dB to the link budget of handheld UEs; 2) enhance the link robustness or extend the coverage of the UEs with PDM capability by soft combing which equals to adding more than 3 dB to the link budget (due to coding gain); 3) enhance the radio resource scheduling flexibility via inter-UE multiplexing for UEs support circular polarization; and 4) enhance the UE throughput via intra-UE multiplexing for UEs support PDM.
Observation 2: Intra-UE polarization multiplexing can enhance the RRM flexibility, enhance the link robustness/improve the coverage, or boost the throughput for UEs with dual-polarization capabilities.
Inter-UE polarization multiplexing is widely supported by current satellite communication systems, e.g. FR>1. gNB could use the UE polarization capability information to schedule the radio resource to support a UE which only owns linear polarization capability to work together with other UEs in inter-UE polarization multiplexing.
Proposal 2: Both inter-UE and intra-UE polarization multiplexing based on gNB scheduling should be supported. 
For both inter-UE and intra-UE polarization multiplexing, the gNB requires the UE polarization capability information to schedule the radio resources across different polarization dimensions.
Proposal 3: Support UE reporting polarization mode capability to gNB. 

2 Conclusions
In summary, we discuss some remaining issues on polarization. The following proposals are made: 
Observation 1: Option-1 layout allows different polarization signalling in SIB for each spot beam. 
Observation 2: Intra-UE polarization multiplexing can enhance the RRM flexibility, enhance the link robustness/improve the coverage, or boost the throughput for UEs with dual-polarization capabilities.
Proposal 1: For polarization signalling in SIB, support per SSB polarization indication and the same polarization can be assumed for other physical channels in each beam.
[bookmark: _GoBack]Proposal 2: Both inter-UE and intra-UE polarization multiplexing based on gNB scheduling should be supported. 
Proposal 3: Support UE reporting polarization mode capability to gNB. 
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