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1 Introduction  
In RAN1#106e meeting, additional enhancements for NTN including beam management, polarization indication, etc. have been discussed with following agreements [1].

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

In this contribution, the issues related to the polarization indication and beam management are further elaborated with detailed solutions.
2 Discussion on the polarization indication 
2.1 Polarization indication of serving cell

It is agreed in RAN1#106e that the polarization indicated by the network is carried in SIB. Regarding the details of signalling design, the typical deployment scenario with polarization should be considered:

1. Case-1: Only one polarization is used. 
As the simplest case shown in Figure 1 for NTN deployment, there is only one beam per cell in the deployment and typically, the polarization for each cell will be fixed once the setup is done. Then, regarding the signalling design for polarization indication, the cell-specific indication is sufficient, e.g., same polarization is assumed for all SSBs or BWPs.
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Figure 1 One beam per cell in NTN deployment
2. Case-2: Different polarizations per beam within one cell
In case of multiple beams per cell, in order to alleviate the inter-beam interference, the frequency reuse pattern will be considered in NTN case. Typically, as shown in Figure 2, different polarization and frequency range will be considered. In this case, the indication of polarization is preferred to done in beam level by associating the polarization information with either BWP or SSBs, which is also compatible to Case-1.
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Figure 2 Frequency reuse pattern with both frequency and polarization 
Observation 1: It’s beneficial to associate the polarization with each beam in one NTN cell. 
Moreover, with consideration on following typical beam layout as defined in Figure 3 based on the following agreement in RAN1#105-e, it can be found that in all cases, the beam-level polarization configuration can be implicitly achieved by associating the polarization information to SSBs.
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
For example, based on the implementation, one or more SSBs can be mapped to single beam per NTN cell and the polarization for the channels and RS delivering in this beam for both DL and UL can be derived based on the existing QCL mechanism by setting the reference RS as corresponding SSB index without additional efforts.

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

More specifically, regarding the polarization information indication for each SSB, based on the agreement above, the SIB based solution should be used by following the current SIB framework. It means that polarization for all SSBs in a cell should be indicated in single SIBx (e.g., it can be legacy SIB or NTN-specific SIB).
Comparing to the simple way to indicate the polarization per SSB, e.g., via bitmap with the size up to supported SSB index, the signaling overhead can be reduced by deriving the polarization information for each SSB based on the SSB index and the supported polarization in one cell. For example, if RHCP and LHCP polarization are supported, all SSBs can be grouped into two part with the simple principle, e.g., mod (SSB_index, 2). Otherwise, one group can be considered if single polarization is assumed. Then, the association between SSB and beam can be done by implementation as highlighted above.
Proposal 1: The polarization information should be indicated via a cell-specific SIB with following options on signalling design:

· Option-1: The polarization information (e.g., RHCP or LHCP or linear) is indicated per SSB

· Option-2: The polarization information per SSB is derived by the SSB index and number of supported polarization (indicated in the cell-specific SIB) per cell.

2.2  Polarization indication of non-serving cell
It is suggested in RAN1#106e to further study the polarization indication for non-serving cell with UE specific RRC messages, which may be helpful for use case of RRM. There are two related aspects of specification impact:

· Measurement configuration
In the measurement object configuration, the RSs for measurement include SSB and/or CSI-RS. To facilitate correct measurement with corresponding polarization in a UE’s reception, the polarization of the RSs should be added in the measurement object configuration. With this indication, the cell-level measurement via averaging over beam-level measurement can be correctly carried out. 

· Handover command content
Polarization of neighboring cell/beam should be included in the handover command, i.e., the corresponding RRC Reconfiguration message sent from the target gNB to the UE. If the target gNB does not know which target beam is the best for the UE, polarization per SSB of the target cell should be indicated. Again, if mapping rule can be used, signaling cost will be significantly reduced. Moreover, if the mapping rule of the target cell is the same as the origin cell, i.e., the mapping rule configured as area-specific in the SIBx for the two cells, this mapping rule itself can be omitted in the handover command to further save signaling cost. 
Proposal 2: The polarization indication of non-serving cell should be provided in measurement configuration and handover command.

3 Enhancement on beam management based on common DCI

With consideration on the intrinsic feature of an NTN system, e.g., large coverage per beam, high mobility, and possible beam movement with the satellite, additional enhancement to improve the beam management performance with minimize signaling cost should be studied. In [2], simulation results have been provided to show the similar DL SINR change trends experienced by a group of UEs within a given neighborhood with the movement of their serving satellite. Thus it is reasonable to think about the beam management based on common signaling.

In current NR specification, DCI based BWP switching and beam switching is already supported. These can be reused with following enhancement to support a group of UEs with minimum specification impact.

· Indication for a group of UEs
For an NTN system with earth fixed beam, the serving time of a beam can be pre-calculated by the gNB. All UEs served by the beam should switch to a new serving beam when the serving time of current beam is over. In this case, all UEs can be regarded as a group. And a common DCI scrambled with an common RNTI can be used to switch them together to save signaling cost. 

For an NTN system with earth moving beam, a beam sweeps the serving area with the time goes. The UEs in the serving area should be switched to the next beam gradually when they approach the beam boundary. Therefore, the UEs in the serving area can be divided into groups and be switched per group. The gNB can allocate a group based RNTI to each UE via measurements. 
· The new beam indication
In the common DCI, the new beam can be indicated by reusing DCI content in current NR specification to save standardization effect. 
In current NR specification, the active BWP switching can be carried out via DCI 0_1 and DCI 1_1 for UL and DL, respectively, which can be reused to match the dynamic change of beams. Moreover, within this DCI, BWP ID for both UL/DL for the new beam can be included to improve the efficiency of beam switching.
In current NR specification, the gNB can use TCI state ID to indicate beam switching in DCIs. This can also be reused for NTN beam management via a common DCI. The TCI state ID uses 0 bit if higher layer parameter tci-PresentInDCI is not enabled or the field “Bandwidth part indicator” exists; otherwise the TCI state ID uses L bits. The bit width L is determined as 
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 is the number of TCI states indicated to the UE. The UEs in the same group share the same 
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 value. The UEs in the group are expected to apply the quasi-colocation (QCL) assumption in the indicated TCI states for their following transmission and reception.
Proposal 3: Common DCI based beam management enhancement can reuse the current BWP switching or TCI indication to save both signaling cost and standardization effect.
4 RRC parameter

Regarding the RRC parameter as listed in Table 1, it’s preferred to rephrase the description for each parameters by highlighting that the indicated polarization information just refers to the polarization type used at satellite side for either DL transmission or UL reception. There is no intention to mandate the UE to follow the indicated information to conduct the corresponding reception on DL and sending for UL. Then, the similar wording “i.e. implemented at satellite transmission” should be included also for the 1st RRC parameter.
Proposal 4: Updates on the RRC parameter listed in Table 1 should be supported.
5 Conclusions

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

Observation 1: It’s beneficial to associate the polarization with each beam in one NTN cell. 
Observation 2: The polarization information for each beam can be derived by the QCL association from SSB(s).

Proposal 1: The polarization information should be indicated via a cell-specific SIB with following options on signalling design:

· Option-1: The polarization information (e.g., RHCP or LHCP or linear) is indicated per SSB

· Option-2: The polarization information per SSB is derived by the SSB index and number of supported polarization (indicated in the cell-specific SIB) per cell.

Proposal 2: The polarization indication of non-serving cell should be provided in measurement configuration and handover command.

Proposal 3: Common DCI based beam management enhancement can reuse the current BWP switching or TCI indication to save both signaling cost and standardization effect.
Proposal 4: Updates on the RRC parameter listed in Table 1 should be supported.
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Table 1 Updated RRC parameter list

	Parameter Name
	(New) values
	New R17 vs extension of R16
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	ntnPolarizationDL
	{RHCP, LHCP, Linear }
	New R17
	Per cell
	Broadcast
	If present, this parameter indicates polarization information for Downlink transmission on service link, i.e. implemented at satellite transmission: including Right hand, Left hand circular polarizations (RHCP, LHCP) and Linear polarization.
	•
FFS: whether polarization signalling is per SSB

	ntnPolarizationUL
	{RHCP, LHCP, Linear }
	New R17
	Per cell
	Broadcast
	If present, this parameter indicates Polarization information for Uplink service link .i.e. implemented at satellite reception.

If this parameter is absent and  ntnPolarizationDL is present,  UE assumes a same polarization for UL and DL
	•
FFS: whether polarization signalling is per SSB
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