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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 #104-e meeting were summarized in [2], and the following agreement has been made in RAN1 #104-e meeting [3]. 

Agreement:
Support at least explicit indication of polarization information for DL by the network
· FFS: whether the indication is done by SIB, other RRC signaling, DCI.
· FFS: Whether separate signaling is needed for the UL and if so, whether or not a same polarization is indicated for DL and UL

Conclusion:
Discuss whether or not at least following issues are valid and decide whether or not enhancements are needed in addition to current NR specification for supporting NTN beam management:
· Issue 1: NR BWP is not directly associated with a beam. Thus, when using TCI to change beam from beam 1 to beam 2, it does not trigger NR BWP switching. However, in NTN FRF>1 case, beam switching may result in a BWP switching.
· Issue 2: NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL.
· Issue 3: NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, we may need a fast BWP switching triggering without data scheduling.
· Issue 4: NR BWP switching does not require re-synchronization. However, in NTN FRF>1 scenario, when a satellite beam switching is triggered, UE may need to perform re-synchronization in the switched BWP. 
· Issue 5: Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured BWP switching (can be a sequence of BWPs) may be preferred but current NR does not allow it.
· Issue 6: How to deal with BWP switching triggered by bwpInactivityTimer, RA procedure, or simply a need to increase throughput instead of for beam-level mobility.
· Issue 7: NR BWP switching/beam switching is done with UE specific signalling due to UE movement’s. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we may need to a common BWP/beam switching mechanism to save the signalling overhead.
Conclusion:
Discuss the necessity of reporting UE polarization capability considering at least following aspects, 
· Deployment scenarios.
· UE implementation aspects with respect to polarization.
· Satellite implementation aspects for switching between polarization states.
· Satellite implementation aspects for realizing multiplexing of UEs having different polarization capabilities.

In this contribution, we provide our views on the potential beam management enhancement and signaling of polarization information.
Discussion
In NR terrestrial network, beams are represented in TCI states. A TCI state configuration includes the cell and BWP of the reference signal, reference signal index, and the QCL type with the reference signal. The beam switching is achieved by TCI indication, e.g., via DCI or MAC CE. For example, DCI 1_1 contains a field of “Transmission configuration indication” to switch the PDSCH reception beam. MAC CE of “Indication of TCI state for UE-specific PDCCH” or “Activation/deactivation of UE-specific PDSCH TCI state” is used to switch PDCCH or PDSCH reception beam. 

In NR terrestrial network, a UE can be configured with up to 4 DL BWPs and up to 4 UL BWPs. Each BWP configuration includes frequency location and bandwidth. One motivation of introducing BWP in NR is to reduce UE’s power consumption when there is no active data communication. A cell specific DL BWP is configured by BWP-DownlinkCommon and a UE specific DL BWP is configured by BWP-DownlinkDedidcated. The BWP switching is achieved by DCI or a timer (i.e., bwp-InactivityTimer). For example, DCI 0_1 or 1_1 contains a field of “bandwidth part indicator” to switch UL or DL BWP among the configured list, respectively. Timer-based BWP switch is to switch to default BWP when the BWP inactivity timer expires. 

The beam switching and BWP switching are independent procedures in NR terrestrial network.  

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. 
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[bookmark: _Ref65248993]Figure 1: Example of the association between beam and BWP
Like in terrestrial network, the maximum number of configured BWPs in a cell may be limited by 4. Since the number of beams in a cell could be larger than 4, the same BWP can be reused by different (non-neighbor) beams.

In the above deployment scenario of FRF>1, the satellite beam switching implies BWP switching. This justifies the joint satellite beam switching and BWP switching. 

On the other hand, a satellite beam switching does not imply UE’s transmit/receiver beam change, since all satellite beams have the same QCL type-D. 

If in a TCI state configuration, the associated DL or UL BWP is configured, then the satellite beam switching via DCI or MAC CE results in the corresponding DL BWP or UL BWP switching. In other words, the DL BWP or UL BWP switching follows the satellite beam switching autonomously, if a TCI state configuration includes the associated DL BWP or UL BWP. 

Note that by configuration, the DL BWP or UL BWP associated with an updated TCI state does not have to be different from the DL BWP or UL BWP associated with the old TCI state. In this case, DL BWP or UL BWP switching does not occur with the satellite beam switching.

Proposal 1: Consider the association between satellite beam switching and BWP switching.

Proposal 2: Consider the joint UL BWP switching and/or DL BWP switching, following the corresponding satellite beam switching. 

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

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 [3] to support explicit indication of polarization information for DL by the network. It is open whether such indication is via SIB, RRC signaling or DCI. 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.

For the first deployment scenario, the network polarization configuration is beam-specific and semi-static. It does not change for each individual UE. Hence, we think the DL polarization information (for each satellite beam) should be broadcasted by SIB. A UE in the coverage can adjust its polarization if capable, after receiving the SIB. Also, in this scenario, the necessity of UE reporting its polarization capability is unclear, since network polarization configuration is per satellite beam and does not change with UEs’ polarization capability.

For the second deployment scenario, DL signal polarization may be dynamically adjusted for different UEs based on UEs’ polarization capabilities. In this case, it may be beneficial for UE to report its polarization capability for gNB’s proper scheduling on polarization. The polarization signaling could be achieved by dedicated RRC signaling or DCI. However, to support the polarization multiplexing, it increases satellite or UE implementation complexity of dynamically switching between polarization states, which is not preferred. Hence, we prefer to prioritize the inter-beam interference mitigation scenario, regarding the usage of polarization. 

Proposal 4: Regarding the usage of polarization, prioritize the support of inter-beam interference mitigation scenario. 

Proposal 5: For inter-beam interference mitigation, the polarization information is configured in a beam specific manner and is signaled via SIB.

Proposal 6: UE polarization capability reporting is not supported for inter-beam interference mitigation. 

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 the association between satellite beam switching and BWP switching.

Proposal 2: Consider the joint UL BWP switching and/or DL BWP switching, following the corresponding satellite beam switching. 

Proposal 3: Consider performing beam measurement either in initial BWP or in different BWPs with BWP switching.

Proposal 4: Regarding the usage of polarization, prioritize the support of inter-beam interference mitigation scenario. 

Proposal 5: For inter-beam interference mitigation, the polarization information is configured in a beam specific manner and is signaled via SIB.

Proposal 6: UE polarization capability reporting is not supported for inter-beam interference mitigation. 
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