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Introduction
In the RAN1 #104 e-Meeting, the following agreement and conclusions have been made in this agenda item:
	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 paper, we further discuss more detailed design issues related beam management and polarization signaling. 

Beam management 
In this section, we provide our analysis on the potential issues listed in section 1 for beam management.
On Issue #1: Associating BWP to beam
As suggested by proponent companies, linking a BWP to a beam (TCI state) is to facilitate frequency reuse factor larger than 1 where changing the serving beam would automatically trigger changing the BWP in order to reduce the interference of neighboring satellite beams. Although we acknowledge that interference coordination among neighboring satellite beams are necessary in view of the fact that coverage of neighboring beams can be largely overlapping, semi-static frequency reuse planning such as FRF > 1 is inefficient from the system point of view. Instead, interference coordination can be handled in more dynamic way and the Rel-15/16 BWP operation has already supported it. More specifically, BWP as in Rel-15/16 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 severe 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.
Another fact, as pointed out by some company in RAN1#104 e-Meeting, switching satellite beams does not necessarily mean changing the TCI state for the UE. All satellite beams (from one satellite) can have the same QCL Type-D. In such case, even if the semi-static frequency planning such as FRF > 1 is pursued, there is no need to mandate UE to change TCI when BWP is changed. Therefore, there is no need to introduce a fixed linkage between BWP and TCI state (satellite beams). 
Observation 1: Issue#1 for beam management is not a valid issue and BWP operation per Rel-15/16 is sufficient to handle it.  

On Issue #2: Jointly switching DL and UL BWPs for FDD
This issue is related to the above issue #1. But the proposal here is to go one step further: switching both DL and UL BWPs together with the satellite beam switching. This is unnecessary further constraint from our point of view. Typically, the UL and DL interference situations are quite different. Decoupling the DL and UL BWP switching in FDD as the existing BWP operation for TN is more efficient to deal with the interference. 
Observation 2: Issue#2 for beam management is not a valid issue and BWP operation per Rel-15/16 is sufficient to handle it.  

On Issue #3: BWP switching without data scheduling
This is one of the old topics that has been extensively debated during the design of Rel-15 NR BWP operation. The concluded design is that BWP switching without data scheduling is not necessary. There seems no new motivation to reopen such discussion even for FRF > 1. UE can be notified of BWP switching once there is a data scheduling_/grant for UE.
Observation 3: Issue#3 for beam management is not motivated.

On Issue #4: No re-syn is performed for current BWP switching
From our understanding, L1 mobility via beam switching does not require UE to perform re-synchronization. Typically, the source beam and target beam are from the same satellite and share the same or similar timing towards UE within CP length. The is actually one of the advantages of performing L1 mobility instead of L3 handover. 
Observation 4: Issue#4 for beam management is not a valid issue. 

On Issue #5: A sequence of configured BWP switching can be supported 
Rel-15/16 BWP has been designed for power saving and/or matching the UE traffic. If it is used for interference coordination, it is preferable to adapt BWP based on the actual interference situation, which is well supported by existing BWP operation. We think the configured BWP switching based on a sequence can make the system less efficient. And it is preferable to decouple the BWP switching from beam switching. 
On the other hand, we acknowledge that “satellite beam switching can be frequent and often highly predictable” mentioned in Issue#5, especially for LEO. 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. The frequent beam switching could bring increased signaling overhead and UE power consumption. Therefore, the description of the issue #5 should be modified to discussing beam switching rather than BWP switching.
Observation 5: Issue #5 for beam management is not well phased in the sense that it mixes the issue of frequent beam switching with the issue of linking beam switching to BWP switching. 
Proposal 1: Rephase the Issue #5 as following:
Issue #5 (rephased): Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured beam switching (can be a sequence of beams) may be preferred but current NR does not allow it

On Issue #6: How to deal with BWP switching triggered by bwpInactivityTimer, RA procedure
It is unclear what the actual issues are based on the description concluded in the RAN#1 104 e-Meeting. The issue needs to be further clarified by proponent companies.
Observation 6: Issue #6 is unclear and further clarification is needed. 

On Issue #7: group switching of BWP/beam 
This proposal is targeted at reducing the signaling overhead, similar to Issue #5 but with a different approach. For Issue #5, it is proposed to use a sequence of configured BWPs/beams for UE to perform switching, and here in Issue#7, it is proposed common signaling for beam/BWP switching for a group of UEs. For the progress, we should first achieve consensus on the issue of signaling overhead and UE power consumption caused by frequent beam switching by Rel-15/16 beam management. Then we can further discuss which approach or both mentioned in Issues #5 and #7 are needed. 
Observation 7: There is a common assumption behind Issues #5 and #7 (called #8 below), which should be discussed first:
Issue #8: Increased signaling overhead and UE power consumption caused by frequent beam switching by Rel-15/16 beam switching mechanism (i.e. relying on UE-specific MAC CE and DCI).
Proposal 2: Agree on Issue #8 before discussing Issues #5 and #7.
[bookmark: _Hlk47469205]Polarization signaling
It was agreed to support indication of polarization information for DL and UL by the network. Signaling details are FFS. This section provides our view on the polarization signaling. 
Circular polarization (RHCP and LHCP) is typically 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 3: 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 or implicitly derived from the SSB index to save the signaling overhead. 
For handover and/or beam switch, UE would measure signal strength of SSB and/or 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. 
For example, the following signaling design may be considered as a starting point. 
SIB contains information on the polarization for each SSB in the serving cell. This is used for UE in initial access. 
For beam management, polarization information is included in the TCI state IE, explicitly in the IE or linked to the QCL source. Polarization of NZP-CSI-RS for beam management can be indicated by referring to the TCI state. 
For RRM measurement, polarization information is included in the measurement object IE (e.g. as a CSI-RS configuration in the measurement object IE).
Proposal 4: For operation with polarization reuse, the following signaling design should be discussed:
· Polarization for initial access
· Polarization for beam management
· Polarization for SSB/CSI-RS measurement
· Polarization of target cell/beam for handover
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 3.1 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. 
For example, for downlink, linkage between antenna port and polarization is configured by RRC (or pre-defined in the specification), and polarization usage is dynamically indicated by antenna port indication in the DCI. For uplink, linkage between TPMI and polarization is configured by RRC (or pre-defined in the specification), and polarization usage is dynamically indicated by the precoding matrix information field in the DCI. 
Proposal 5: For operation with polarization multiplexing, information on the polarization should be indicated in DCI for scheduling PDSCH/PUSCH. 
UE report of polarization capability
As mentioned in the section 1, it was concluded in RAN1#104-e to further discuss the necessity of reporting UE polarization capability. In this section, we discuss the necessity of reporting UE polarization capability for polarization reuse and polarization multiplexing, respectively.
· Polarization reuse
For downlink, UE with linear polarization antenna can receive circular polarization signal with 3dB loss in case of one Rx antenna and without loss in case of two Rx antennas as described in [TR38.821]. Similarly, UE with circular polarization antenna can receive linear polarization signal. Because any types of UEs can receive any polarization signal, the network does not need to know UE’s polarization capability for downlink reception. On the other hand, for uplink, UE may or may not support transmission with a specific polarization. For example, handheld terminal (e.g. smart phone) might not support transmission with circular polarization. VSAT terminal may only support transmission with circular polarization. Therefore, the UE report of the transmission capability of circular polarization would be beneficial for an appropriate scheduling in an operation scenario including both handheld and VSAT. The capability information may be explicitly reported or implicitly reported by UE type (handheld, VSAT, etc) if UE type is to be reported to the network and certain polarization is mandatory for certain UE type. 
· Polarization multiplexing
For polarization multiplexing, satellite needs to transmit different streams with different polarizations in the same satellite beam. This function might not be largely supported by the existing satellite, but future satellite and/or HAPS may support the multiplexing function because polarization multiplexing has potential to doubling the user throughput as MIMO multiplexing did in terrestrial networks. Therefore, it would be worth to consider polarization multiplexing as Rel.17 specification. 
Similar to the MIMO capability in terrestrial network, it would be necessary to report UE’s multiplexing capability of receiving dual polarization signals as separate streams. 
Proposal 6: Support the following UE polarization capability report
· Transmission capability of circular polarization (explicitly or implicitly by UE type)
· Reception capability of dual polarization signals as separate streams

Conclusion
In this paper, we have discussed more detailed design for  beam management and polarization signaling . The observation and proposals are as follows:
Observation 1: Issue#1 for beam management is not a valid issue and BWP operation per Rel-15/16 is sufficient to handle it.  
Observation 2: Issue#2 for beam management is not a valid issue and BWP operation per Rel-15/16 is sufficient to handle it.  
Observation 3: Issue#3 for beam management is not motivated.
Observation 4: Issue#4 for beam management is not a valid issue. 
Observation 5: Issue #5 for beam management is not well phased in the sense that it mixes the issue of frequent beam switching with the issue of linking beam switching to BWP switching. 
Observation 6: Issue #6 is unclear and further clarification is needed. 
Observation 7: There is a common assumption behind Issues #5 and #7 (called #8 below), which should be discussed first:
Issue #8: Increased signaling overhead and UE power consumption caused by frequent beam switching by Rel-15/16 beam switching mechanism (i.e. relying on UE-specific MAC CE and DCI).

Proposal 1: Rephase the Issue #5 for beam management as following:
Issue #5 (rephased): Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured beam switching (can be a sequence of beams) may be preferred but current NR does not allow it
Proposal 2: Agree on Issue #8 before discussing Issues #5 and #7.
Issue #8: Increased signaling overhead and UE power consumption caused by frequent beam switching by Rel-15/16 beam switching mechanism (i.e. relying on UE-specific MAC CE and DCI).

Proposal 3: 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 4: For operation with polarization reuse, the following signaling design should be discussed:
· Polarization for initial access
· Polarization for beam management
· Polarization for SSB/CSI-RS measurement
· Polarization of target cell/beam for handover
Proposal 5: For operation with polarization multiplexing, information on the polarization should be indicated in DCI for scheduling PDSCH/PUSCH.
Proposal 6: Support the following UE polarization capability report
· Transmission capability of circular polarization (explicitly or implicitly by UE type)
· Reception capability of dual polarization signals as separate streams
	1/3	
