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1 Introduction  
In RAN1#105e [1], RAN1#106e [2] and RAN1#106bis-e [3] meeting, there are following agreements to support the polarization indication for DL and UL (optional):
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

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 signaling for target serving cell in handover command message. 

Support polarization signaling for non-serving cell in RRM measurement configuration.

In this contribution, the remaining issues related to the polarization indication and network assistance information to support UE-based SMTC adjustment are further elaborated with detailed solutions.

2 Discussion on the remaining issues for polarization

2.1 Polarization indication for typical deployment scenario
It is agreed in RAN1#106e that the polarization indication for DL and UL (optional) is carried in SIB. In RAN2#116bis-e [4], a new NTN-specific SIBx scheduled by SIB1 is introduced. However, according to the current spec including the agreed RRC parameters [5] for polarization indication, it can be found that only one value is supported, which implies that in one Cell, only single polarization type is used, which is not reasonable in typical NTN implementation.
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More specifically, in TR38.821 [6], the two options shown in Figure 1 are considered for PCI mapping to NTN beams and multiple beams per cell is highlighted as Option-a.  

Furthermore, as shown in Figure 2 the frequency+polarization reuse among multiple beams in one NR-NTN cell is commonly adopted to improve spectrum efficiency and to alleviate the inter-beam interference.
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Figure 1 Options for PCI mapping into satellite beams
In this way, different polarization indication is expected for each beam within one cell. Then, regarding the polarization indication, the beam specific polarization should be included in the SIBx. 
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Figure 2 Frequency reuse pattern with both frequency and polarization 
Observation 1: Polarization indication to enable the deployment with either one or multiple beams per cell are needed.

2.2 Signaling design for polarization indication

Regarding the signalling design, based on the following agreement in RAN1#105-e, typical beam layouts defined in Figure 3should be supported. 
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
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(a) Option-1: Same beam layout in BWP#0 and BWP#x 
      (b) Option-2: hierarchical beam for BWP#0
Figure 3 Typical beam layout
Considering the frequency+polarization reuse scheme in Figure 2, the beam-level polarization configuration can be implicitly achieved by associating the polarization information to SSBs. For example, one or more SSBs can be mapped to a given beam in an NTN cell. The polarization for the physical channels and RS in this for both DL and UL can be derived based on the existing QCL mechanism without additional standardization effect. To be more specific, the SSB can be used as the reference RS, and the associated polarization of this SSB applies to the physical channels and RS in the mapped beam.
Observation 2: The polarization information for each beam can be derived by existing QCL association with SSB(s).

Then, for enabling the indication per beam, a polarization list for all beams can be considered. Meanwhile, as the simplest way, the size of list/bitmap can be directly determined by the number of supported SSBs and the detailed mapping between SSB and beam will be up to implementation.

Proposal 1: A polarization list should be included in the SIBx with the length determined by the number of supported SSB.
According to the analysis above, the following updates on the RRC parameters ntnPolarizationDL and ntnPolarizationUL (if present) should be considered: a list (or bitmap) to indicate the polarization used per beam.
	NR_NTN_solutions
	Polarization indication in NTN
	ntnPolarizationDL
	New
	ntnPolarizationDL
	If present, this parameter indicates polarization information for Downlink transmission on service link: including Right hand, Left hand circular polarizations (RHCP, LHCP) and Linear polarization
	{RHCP, LHCP, Linear }

ntnPolarizationDLlist                  SEQUENCE (SIZE(1..numberofSSB) OF ntnPolarizationDL
ntnPolarizationDL ：CHOICE{RHCP, LHCP, Linear}
	　
	cell
	Cell-specific
	38.331
	The indicated polarization information refers to the polarization type used at satellite side for DL transmission per beam. 

	NR_NTN_solutions
	Polarization indication in NTN
	ntnPolarizationUL
	New
	ntnPolarizationUL
	If present, this parameter indicates Polarization information for Uplink service link.
If not and  ntnPolarizationDL is present,  UE assumes a same polarization for UL and DL
	{RHCP, LHCP, Linear }

ntnPolarizationULlist                  SEQUENCE (SIZE(1..numberofSSB) OF ntnPolarizationUL
ntnPolarizationUL ：CHOICE{RHCP, LHCP, Linear}
	　
	cell
	Cell-specific
	38.331
	The indicated polarization information refers to the polarization type used at satellite side for UL reception per beam.


Proposal 2: The RRC parameters ntnPolarizationDL and ntnPolarizationUL should be updated as below:
	NR_NTN_solutions
	Polarization indication in NTN
	ntnPolarizationDL
	New
	ntnPolarizationDL
	If present, this parameter indicates polarization information for Downlink transmission on service link: including Right hand, Left hand circular polarizations (RHCP, LHCP) and Linear polarization
	{RHCP, LHCP, Linear }

ntnPolarizationDLlist                  SEQUENCE (SIZE(1..numberofSSB) OF ntnPolarizationDL
ntnPolarizationDL ：CHOICE{RHCP, LHCP, Linear}
	　
	cell
	Cell-specific
	38.331
	The indicated polarization information refers to the polarization type used at satellite side for DL transmission per beam. 

	NR_NTN_solutions
	Polarization indication in NTN
	ntnPolarizationUL
	New
	ntnPolarizationUL
	If present, this parameter indicates Polarization information for Uplink service link.
If not and  ntnPolarizationDL is present,  UE assumes a same polarization for UL and DL
	{RHCP, LHCP, Linear }

ntnPolarizationULlist                  SEQUENCE (SIZE(1..numberofSSB) OF ntnPolarizationUL
ntnPolarizationUL ：CHOICE{RHCP, LHCP, Linear}
	　
	cell
	Cell-specific
	38.331
	The indicated polarization information refers to the polarization type used at satellite side for UL reception per beam.


3 Discussion on the assistance information to support UE-based SMTC adjustment
In RAN2#116bis-e [4], it has been agreed:

Agreement:

· Regarding UE-based solution for SMTC adjustments, UE autonomously adjust the SMTCs based on location and ephemeris. FFS whether NW assistance information is provided.

For earth-fixed beam, a satellite’s footprint shape is changing with the movement of the satellite as illustrated in Figure 4. To guarantee seamless coverage, two neighboring satellites may have large overlapping beams. In this case, unnecessary measurement at UE side and frequent switch among satellites is undesirable due to power/signaling cost. In Figure 4, the changing footprint of a given satellite is illustrated by the green color. The dash line circle with shadow refers to the minimum (e.g., nadir) footprint of each satellite. The solid line ellipse refers to the maximum (e.g., at minimum elevation) footprint of a satellite. With the movement of the satellite, it covers the maximum footprint at t1 with a minimum elevation. It covers the minimum footprint at t2 with a maximum elevation. And it covers the maximum footprint at t3 with a minimum elevation again. Apparently, the optimal strategy for UEs in the minimum green footprint is to reduce its measurement of neighboring satellites’ signal and stick to the serving satellite during the satellite’s serving time interval [t1, t3]. To facilitate the UE based measurement enhancement, the UE autonomous SMTC adjustment based on location and ephemeris can be used. 
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Figure 4 The changing footprint shape with the movement of a satellite
To support the UE-based solution for SMTC adjustments, the RTT difference between current and next satellites for a given cell, with regard to a given reference location, can be estimated and provided to UEs by the gNB. With this assistance information, the UE can search the neighboring satellites’ SSBs in a more efficient way. 

Proposal 3: The RTT difference between current and next satellites for a given cell, with regard to a given reference location, can be estimated and provided to UEs by the gNB.
4 Conclusions

In this contribution, solutions on the polarization indication and beam management enhancement has been for NTN with following observations and proposals:

Observation 1: Polarization indication to enable the deployment with either one or multiple beams per cell are needed.

Observation 2: The polarization information for each beam can be derived by existing QCL association with SSB(s).

Proposal 1: A polarization list should be included in the SIBx with the length determined by the number of supported SSB.
Proposal 2: The RRC parameters ntnPolarizationDL and ntnPolarizationUL should be updated as below:
	NR_NTN_solutions
	Polarization indication in NTN
	ntnPolarizationDL
	New
	ntnPolarizationDL
	If present, this parameter indicates polarization information for Downlink transmission on service link: including Right hand, Left hand circular polarizations (RHCP, LHCP) and Linear polarization
	{RHCP, LHCP, Linear }

ntnPolarizationDLlist                  SEQUENCE (SIZE(1..numberofSSB) OF ntnPolarizationDL
ntnPolarizationDL ：CHOICE{RHCP, LHCP, Linear}
	　
	cell
	Cell-specific
	38.331
	The indicated polarization information refers to the polarization type used at satellite side for DL transmission per beam. 

	NR_NTN_solutions
	Polarization indication in NTN
	ntnPolarizationUL
	New
	ntnPolarizationUL
	If present, this parameter indicates Polarization information for Uplink service link.
If not and  ntnPolarizationDL is present,  UE assumes a same polarization for UL and DL
	{RHCP, LHCP, Linear }

ntnPolarizationULlist                  SEQUENCE (SIZE(1..numberofSSB) OF ntnPolarizationUL
ntnPolarizationUL ：CHOICE{RHCP, LHCP, Linear}
	　
	cell
	Cell-specific
	38.331
	The indicated polarization information refers to the polarization type used at satellite side for UL reception per beam.


Proposal 3: The RTT difference between current and next satellites for a given cell, with regard to a given reference location, can be estimated and provided to UEs by the gNB.
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