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Introduction
According to NR NTN work item description [1], a list of RAN1 topics is to be specified if beneficial and needed. This includes enhancement on polarization, beam management and BWP operation for NTN with frequency reuse. 

The discussions on these topics in RAN1 #105-e meeting were summarized in [2], and the following agreement has been made in RAN1 #105-e meeting [3]. 

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

Agreement:
For explicit indication of polarization information for DL by the network, support indication in SIB
· FFS: Signaling details for indication in SIB

Agreement:
· Polarization information for UL may be indicated in SIB by the network
· UE assumes a same polarization for UL and DL, when the UL polarization information is absent.
· FFS: Signaling details for indication in SIB

In this contribution, we provide our views on the potential beam management enhancement and signaling of polarization information.
Discussion
It was agreed [4] that both one-beam per cell and multiple-beam per cell are supported in NTN, with the existing NR specifications as a baseline. In case of multiple-beam per cell, the coverage of different satellite beams will have large overlap, and the inter-beam interference needs to be controlled. One straightforward way of mitigating inter-beam interference is using different frequencies on neighbor beams. The frequency reuse factor > 1 could be achieved via different BWPs on neighbor beams. This is shown in Figure 1, where each satellite beam is associated with a BWP. 


[image: ]
[bookmark: _Ref65248993]Figure 1: Example of the association between beam and BWP


The beam measurement in NR terrestrial network is based on SSB or CSI-RS. Since different satellite beams in NTN may be associated with different BWPs, BWP may be either switched or extended in order to measure CSI-RS in different beams. The former approach requires additional gap between beam measurement, while the latter approach has a large specification impact. We prefer the approach for BWP switching for CSI measurement in a different beam. An alternative approach is to make all the beam measurement in initial BWP, which reduces the total number of BWP switching for beam measurement. 

Proposal 1: Consider performing beam measurement either in initial BWP or in different BWPs with BWP switching.

The beam management issues have been extensively discussed in RAN1 #105-e meeting. One of the issues is whether to enhance the BWP/beam switching mechanism for a group of UEs. Considering the big beam footprint in NTN, a large number of UEs could be in a single satellite beam. In either earth moving beam scenario or earth fixed beam scenario, it is possible that a group of UEs (within a same satellite beam) need to switch the BWP/beam in approximately same time. To save signaling overhead, it is beneficial to support a common BWP/beam switching mechanism for a group of UEs. 

Proposal 2: Support a common BWP/beam switching mechanism for a group of UEs to save signaling overhead. 

The antenna polarization used in NTN includes right hand circular polarization (RHCP), left hand circular polarization (LHCP) and linear polarization. A UE with linear polarization antenna has 3 dB polarization loss when receiving a circular polarized signal. A UE with RHCP antenna cannot receive a LHCP signal, and vice versa. 

It was agreed [5] to support explicit indication of polarization information for downlink by the network. It was further agreed [3] that the polarization information for downlink and the polarization information for uplink are indicated in SIB. The signaling details for indication in SIB is open. 

There are two potential deployment scenarios related to polarization, i.e., inter-beam interference mitigation and polarization multiplexing. In the first deployment scenario (so called inter-beam interference mitigation), neighbor satellite beams may use different polarization to mitigate the inter-beam interference to increase system throughput. This polarization-based inter-beam interference mitigation can be jointly deployed with frequency reuse to further increase the reuse factor. In the second deployment scenario (so called polarization multiplexing), gNB could use the same time and frequency resource to serve two UEs by using different or opposite polarizations (e.g., RHCP and LHCP). Due to the orthogonality between two polarizations, there is no interference between these two UEs’ signal receptions.

Since the downlink polarization information is indicated in SIB, it is natural the first deployment scenario is supported, while the second deployment scenario requires the dynamic signaling on the downlink polarization information. In the first deployment scenario, since the downlink polarization could further increase the reuse factor among neighbor beams, it is reasonable to indicate the downlink polarization per SSB in SIB. 

Proposal 3: The downlink polarization per SSB is indicated in SIB. 

Both downlink and uplink polarization information are indicated in SIB. Hence, it is expected that this information is not dynamically changed. In this sense, the motivation of UE reporting its polarization capability is unclear, since network polarization configuration is per satellite beam and does not change with UEs’ polarization capability. 

Proposal 4: UE polarization capability reporting is not supported. 

Conclusion
In this contribution, we provided our views on beam management enhancement, and signaling of polarization information in NTN. Our proposals are as follows: 

Proposal 1: Consider performing beam measurement either in initial BWP or in different BWPs with BWP switching.

Proposal 2: Support a common BWP/beam switching mechanism for a group of UEs to save signaling overhead. 

Proposal 3: The downlink polarization per SSB is indicated in SIB. 

Proposal 4: UE polarization capability reporting is not supported.
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