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

Agreement:

Support polarization signaling for target serving cell in handover command message. 

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

Agreement:

No enhancement for beam measurement and reporting for NTN-NR in R17.

In this contribution, the remaining issues related to the polarization multiplexing and BWP related discussion are further elaborated with detailed solutions.
2 Discussion on the remaining issues for polarization

2.1 Per SSB polarization indication

It is agreed in RAN1#106e that the polarization indicated by the network is carried in SIB. And the detailed design, e.g., per SSB, has been further discussion in RAN1#106bis-e without consensus. Regarding the details of signaling 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 multiplexing
In RAN1#106bis-e meeting, the polarization multiplexing has been discussed for both inter-UE and intra-UE cases. The major benefit of polarization multiplexing is to improve the network performance including throughput and interference mitigation. From specification perspective, to achieve such functionality for both inter-UE and intra-UE multiplexing, following aspects should be considered for specification:

· UE’s reporting on polarization capability. 
The polarization capability of a UE can be reported to gNB via the existing UECapabilityInformation message, which includes the supported polarization type for transmission and reception, respectively. To be more specific, the supported polarization type at UE side may include {linear polarization, cross linear polarization, LHCP, RHCP, flexibility}. For example, some VSAT UEs may be equipped with independent transmission/reception RF chains and antennas to support different polarization in the transmitting and receiving direction, respectively. Furthermore, the polarization capability includes the capability of supporting adjustable polarization for transmission and reception, respectively. For some UEs, it may also be able to synthesize circular polarization via linear polarization.
· Indication of polarization for each DL/UL channel
With known polarization capability of UEs, the polarization multiplexing can be realized by gNB’s scheduling with the assumption that common understanding on the polarization information is expected between gNB and UEs.  Such indication can be either achieved by introducing the polarization indication per channel or just implicitly done by reusing the QCL definition between two antenna ports as below since the channel condition will be different per polarization.

#TS 38.211 section 4.4.1
Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters.  

#===

More specifically, detailed behavior on the multiplexing for both DL and UL can be found as below: 
1. Case-1: DL multiplexing
For DL multiplexing using polarization, once the indication of polarization can be done as proposed in section 2.1 by SIB, for each channel, no additional UE-specific signaling for polarization indication is expected since the legacy QCL relationship and TCI mechanism can be reused. Moreover, this polarization information can be regarded as part of QCL definition, e.g., QCL type D or Type-A (i.e., same channel properties are assumed per polarization). Then, for DL reception, a UE will follow the polarization associated to the QCLed SSB indicated by TCI, e.g., DCI for PDSCH. 

2. Case-2: UL multiplexing 

For UL multiplexing using polarization, same assumption to take the polarization information as part of spatial parameters, e.g., spatial relationship, can be considered for UL RS or channel transmission. For example, 
a) For codebook based
In case of intra-UE multiplexing, a UE with transmission capability with both RHCP and LHCP can transmit it SRS using different polarization according to the indication of polarization (which can be regarded as part of spatial parameter definition, e.g., spatial relationship). The gNB should has the reception capability with both RHCP and LHCP as well. Since the UE’s polarization capability should be reported, the gNB can determine whether to receive the SRS using both RHCP and LHCP. Then the legacy operation for codebook based intra-UE multiplexing can be reused. The gNB indicates the precoding matrix and corresponding SRI for each UL layer and codeword. The polarization used for UL transmission is obtained by the UE using SRI.

In case of inter-UE multiplexing, multiple UEs can be paired based on the gNB’s scheduling. The procedure seen at the UE side is the same as the intra-UE case. Based on the SRS received from the UEs, the gNB determines the transmission parameters for each UE in the inter-UE multiplexing. The polarization used for UL transmission is obtained by the UE using SRI.
b) For non-codebook based
In case of intra-UE multiplexing, a UE needs to measure the associated CSI-RS and transmits SRS using candidate precoding matrix. The CSI-RS for beam management can be transmitted on 2 antenna ports with different polarization. Since per SSB polarization indication has been considered for polarization signaling in SIB, this polarization information can be regarded as a new spatial parameter in QCL type D. And the associated CSI-RS’s polarization can be obtained by its QCLed SSB, which determines the polarization used by corresponding SRS transmission. The gNB indicates the selected precoding matrix and corresponding SRI to the UE. The polarization used for following UL transmission is obtained by the UE using SRI. 

In case of inter-UE multiplexing, multiple UEs can be paired based on the gNB’s scheduling. Similar to the codebook based case, the procedure seen at the UE side is the same as the intra-UE case. 
For the scheduling in both DL and UL, it should be noticed that if the indicated polarization is beyond the capability of UE, it will be up to the UE’s implementation for either DL reception or UL transmission.

· Time gap for polarization change after indication
After a UE receives the polarization indication from the gNB, if needed, the UE will change its polarization accordingly for following reception or transmission.  With consideration on the different capability of UE (e.g., processing delay to switch the polarization required by VSAT or mobile UE), it’s preferred to introduce additional time gap for the UE to implement the indication, i.e., before the UE’s polarization change taking effect. 
Proposal 2: To enable the polarization multiplexing, the UE’s reporting on the polarization capability for UL transmission and DL reception should be supported.
Proposal 3: With known polarization capability of UEs, the polarization multiplexing can be supported by current specification by reusing the legacy QCL indication mechanism for both DL and UL.

Proposal 4: A time gap should be defined for UE’s polarization change after indication according to the required processing time for polarization switching.
3 Discussion on the remaining issues for BWP

3.1 Enhancement on the BWP switching 

In RAN1#106bis-e meeting, the gNB dominant BWP switching based on prediction has been discussed. The claimed benefits of the prediction based gNB dominant BWP switching are: (1) to save UE measurement and reporting effort and (2) to save signaling overhead. The basic assumption for the prediction based gNB dominant BWP switching is to have real-time location information of the UEs, which, however, cannot be guaranteed with the movement of both the satellite and the UEs. 

Instead of the prediction based gNB dominant BWP switching, group-specific switching based on common signaling can achieve the benefits on signaling overhead with less specification impact. With consideration on the intrinsic feature of an NTN system, the applicable BWP for a group of UEs at the same time is quite common, especially once the FDM is assumed as frequency reuse scheme to mitigate the inter-beam interference. 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. 
More specifically, at least the in layout (a) shown in Figure 1 with Same beam layout in BWP#0 and BWP#x, frequently switching between initial BWP (i.e., BWP-0) and BWP#x  or among BWP#x are expected, e.g., for SIB reception or SSB measurement for beam switching (since cross BWP measurement is not supported by existing spec), respectively.   
Proposal 5: Common DCI based BWP switching for a group of UEs can be considered to save both signaling cost and standardization effect.
3.2 Remaining issues on Bwp_InactivityTimer functionality

In legacy system, the major purpose of bwp-InaciticityTimer is to save a UE’s power consumption since the UE’s DL active BWP will fall back to the default DL BWP (,e.g., initial BWP) if there is no additional scheduling before the expiration of bwp-InaciticityTimer. In NTN system, such functionality is still available and workable without any specification impacts. For example, if only one beam is deployed per cell, without consideration of frequency reuse via BWP, the legacy behavior can be always kept. Even in the case with multiple beam per cell as shown in Figure 1, falling back to the default DL BWP is still beneficial to save the UE’s power. And once the corresponding scheduling is needed, the DCI based BWP switching can be considered. To save the signaling cost in BWP switching, the common DCI based solution proposed above is preferred. If the bwp-InaciticityTimer is not configured by the gNB, the timer-based BWP switching can also be disabled without any specification impacts. 
Proposal 6: The legacy behavior/functionality of bwp_inactivityTimer can be kept without additional specification impacts.
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: 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: To support polarization multiplexing, the supported polarization type for transmission and reception at UE side should be reported to the gNB.
Proposal 3: With known polarization capability of UEs, the polarization multiplexing can be supported by current specification.

Proposal 4: A time gap should be defined for UE’s polarization change after indication according to the required processing time for polarization switching.
Proposal 5: Common DCI based BWP switching for a group of UEs can be considered to save both signaling cost and standardization effect.
Proposal 6: The legacy behavior/functionality of bwp_inactivityTimer can be kept without additional specification impacts.
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