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Introduction
Beam management and polarization signaling related issues have been discussed for several meetings. In this paper, we further provide our proposals for the way forward in view of the latest discussion status as summarized in Feature Lead summary in RAN1#106bis-e [1]. 
Beam management 
In the previous meeting, whether to support gNB dominant beam switching based on gNB prediction was further debated. The high-level design target is to allow gNB configure a sequence of beams based on satellite trajectory and the UE location. The example of procedures is as follows (captured as Ex-1 in [1]):
· UE provides location information to gNB.
· gNB configures a sequence of TCI states to UE.
· gNB configures a sequence of time instance (e.g. timer), which corresponds to TCI state change
· UE switches TCI state based on the sequence of time instance.
With the above example, two benefits have been listed by Feature Lead for discussion [1]:
1) benefit on UE measurement and reporting effort saving.
2) benefit on signaling overhead as the gNB does not need to trigger the UE every time it performs beam switch.
As captured in [1], there were diverged views on whether the above benefits can already be achieved by current spec with gNB implementation. Seeing the discussion, we would like to further provide our views as follows.
For the first benefit, we share the view that it may be achieved by gNB implementation as long as UE location is known to the gNB. For example, gNB can configure less frequent or even disable L1-RSRP measurement and reporting to reduce UE’s effort, since gNB can predict the UE’s relative location to the satellite in the LEO moving cell scenario and then choose the correct DL Tx beam for the UE and UL Rx beam from the UE in a defined order with associated timings. 
However, for the second listed benefit, we think it may not be achieved by the current spec. Some companies have argued that the current spec uses DCI for beam switching, and because if a UE is scheduled, the network will anyway need to send DCI to the UE and change beam for the UE when deemed appropriate. The DCI signaling comes free and there is no additional overhead. In our opinion, this argument only covers half of the picture. We should keep in mind that the beam switching is not only for PDSCH using DCI, but also for CORESET (PDCCH) which is performed by MAC CE. Such overhead is not negligible considering the fact that beam switching happen quite frequent in LEO moving cell/beam scenarios. By the new procedure, signaling overhead of MAC CE would be saved.  
Some further concerns were raised regarding how UE location reporting can work. We think the existing signaling method as agreed in RAN2#115-e can be used. The following is the agreement [2]:
	RAN2 has made following agreements for UE location report.
-	After AS security is established, gNB can obtain a GNSS-based location information from the UE using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig. It is up to SA3 to decide whether User Consent is required before NW acquires location information from the UE in NTN.
-	If accepted by SA3, if the gNB has user consent to obtain UE location in NTN, reporting of finer location information/full GNSS coordinates in RRC_CONNECTED can be supported after AS security is enabled

RAN2 has also made following working assumption.
-	Event triggered-based UE location reporting are configured by gNB to obtain UE location update of mobile UEs in RRC_CONNECTED



Proposal 1: Support UE beam switching according to a sequence of beams configured by RRC in Rel-17 NTN.

[bookmark: _Hlk47469205]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 (see 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 (see TR38.821). Polarization reuse is used in the current satellite system and useful for UE with VSAT/Phased array (i.e. “VSAT” type UE) on aircraft, ship, house looftop, etc, to reduce inter-cell/beam interference. The benefit of polarization reuse may not be achieved for handheld UEs with linear polarization, but it would be worth to support it for “VSAT” type UEs. For a mixed operation with “VSAT” type UEs and handheld UEs, intercell/beam interference would be mitigated by polarization reuse for “VSAT” type UEs and by different scheme, e.g. use of low MCS, non-overlapped RB allocation between adjacent beams for handheld UEs.
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. 

Signaling for polarization reuse 

In RAN1#106-e and 106b-e meetings, indication of polarization information via SIB was agreed as follows. 
	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
Agreement:
Support polarization signalling for target serving cell in handover command message.

Agreement:
Support polarization signalling for non-serving cell in RRM measurement configuration.


Regarding the FFS point, our view is as follows. In our understanding, the purpose of the polarization signaling agreed above is to allow for polarization reuse, i.e. operation where each satellite beam has different polarization configuration (LHCP or RHCP). In TR38.821, two types of satellite beam operations, one satellite beam per cell and multiple satellite beams per cell, are described and these are within the scope of Rel.17 NTN in our understanding. In multiple satellite beams per cell operation, one satellite beam corresponds to one SSB beam. Therefore, polarization indication per SSB should be supported to allow polarization reuse in multiple satellite beams per cell operation which is scope of Rel.17 NTN. Information on the polarization for each SSB should be included in the SIB or implicitly derived from the SSB index to save the signaling overhead. 
Proposal 2: Support indication of polarization information per SSB in SIB to allow for polarization reuse in an operation with multiple satellite beams per cell. 

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 3: For operation with polarization multiplexing, information on the polarization should be indicated in DCI for scheduling PDSCH/PUSCH. Existing DCI field for MIMO e.g. using antenna port indication and TPMI indication, should be reused. Specification impact would be to add RRC parameter to define linking between RS port and polarization for DL and linking between TPMI and polarization for UL. 

UE report of polarization capability
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 4: 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 proposals are as follows:
Proposal 1: Support UE beam switching according to a sequence of beams configured by RRC in Rel-17 NTN.
Proposal 2: Support indication of polarization information per SSB in SIB to allow for polarization reuse in an operation with multiple satellite beams per cell. 
Proposal 3: For operation with polarization multiplexing, information on the polarization should be indicated in DCI for scheduling PDSCH/PUSCH. Existing DCI field for MIMO e.g. using antenna port indication and TPMI indication, should be reused. Specification impact would be to add RRC parameter to define linking between RS port and polarization for DL and linking between TPMI and polarization for UL.
Proposal 4: 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
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