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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction

In RAN1#102e, the agreements related to beam management in NTN network is as following:
Agreement:
One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· FFS: The need for potential enhancement for beam management 
· [bookmark: _Hlk50554447]FFS: The need for potential enhancement on association of SSBs, beams and BWPs

Agreement:
Potential enhancements for support of polarisation signalling in NR NTN can consider at least the following:
· Configuration of DL and UL transmit polarization including Right hand and Left hand circular polarizations (RHCP, LHCP) 
· Network broadcast DL and UL transmit polarization configuration  
· UE polarization capability (RHCP, LHCP, Linear)
· Dependence of polarisation signaling on deployment scenarios. For example,
· Resource reuse mode with/without polarization for the beam management enhancement 
· Fixed polarization per cell/beam for polarization reuse and circular polarisation with intra-UE and inter-UE multiplexing (intra-UE and inter-UE) signalling 

In RAN1#103e, the agreements related to beam management and polarization is as following:
Agreement:
Indication of polarization information for DL and UL by the network is supported. 
· FFS: Signaling details

In this contribution, we discuss the issues related to beam management and polarization.
1. Beam management
In NTN network, neighbouring footprints can be associated with different cells or different BWPs for interference avoidance. Associating different footprint with different BWP is beneficial to increase spectral efficiency and decrease signalling overhead. As BWP switch can be adopted rather than carrier activation/deactivation. Different geographical area can also be associated with different beams, so that beam management framework can be reused. And beam indication/update rather than handover can be used for neighbouring geographical area moving. An example is shown in Fig 1. For cell#0, there are BWP#0/1/2 associated with different footprints.


Fig 1. Mapping among cell, beam and BWP
To perform beam management among neighbor geographical areas, there are two options to configure the NZP CSI-RS/SSB for beam management:
· Option 1: NZP CSI-RS/SSB for beam management is configured in a common narrow band BWP for all geographical areas/footprints;
· Option 2: NZP CSI-RS/SSB for beam management is configured in corresponding BWP for different geographical areas/footprints
For option 1, it can reuse the behavior in legacy NR with additional overhead on the common narrow band BWP configuration. However, there will be two active BWPs to monitor in a geographical area, one for beam management and one for DL/UL transmission/measurement/reporting.
For option 2, there is only one active BWP to monitor in a geographical area, and the NZP CSI-RS/SSB is configured in corresponding BWPs, which may need enhancement on specification work. Meanwhile, for aperiodic NZP CSI-RS, BWP switching delay as shown in Fig 2 should be considered when determining the time domain offset between the triggering DCI and the NZP CSI-RS for beam management at different BWPs.
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Fig 2. BWP switch delay for different SCS configuration
Proposal 1: Study a common BWP or separate different BWPs for beam management.
Proposal 2: Consider impact of BWP switching delay for NZP CSI-RS for beam management configured at in corresponding BWPs. 
While in NR R15/16, any beam is applicable for a BWP, so the BWP indication/assumption and beam indication/assumption are separately configured. However, as shown in Fig 1, for a specific BWP, only some of the beams are available, e.g. BWP#1 is only associated with beam#2, #4, and #6 while BWP#0 is only associated with beam #1, #3, and #5, and there will be restrictions on beam and BWP. With the restriction of beam and BWP, there are two options to solve the restriction issue:
· Option 1: Avoid contradiction between beam and BWP indication by configuration. That is, the indicated beam for a BWP is always within the BWP specific beam set, e.g. for BWP#1 in Fig 1, the indicated/assumed is only among beam#2, #4, #6. However, when the association/restriction between beam and BWP is changed, there will be large signaling overhead for reconfiguration of beam/BWP for each channel/RS.
· Option 2:  Allow the contradiction between beam and BWP indication, and define a rule to solve the contradiction. The possible solution for the contradiction can be follow one of the BWP or beam signaling, and make necessary update for the remaining signaling/assumption.
Proposal 3: Study the restriction between beam and BWP.
Assuming the scenario shown in Fig 1, where multiple beams are in a cell and each beam is mapped to a BWP, one major issue could be large signaling overhead and long latency associated with the beam switching procedure that includes periodic CSI-RS transmissions and corresponding reporting. For LEO satellites, the beams might need to be updated frequently and signaling overhead could be large. 
Observation 1: For NTN, current NR measurement-based beam management will result in large signaling overhead and long latency for periodic exchange of CSI-RS transmissions and corresponding reporting. 
One potential solution could be based on location-aware CSI-RS transmissions and measurements. As shown in Figure 3, UEs on cell-edge needs to perform frequent measurements (UEs near gray area in Fig 3) while other UEs either do not require measurements, or the frequency of measurements can be reduced significantly.  Therefore, such procedure can be adopted either based on the location or based on a L1- RSRP mapping table. 
Proposal 4: Study further methods to perform beam measurements in order to reduce the signaling overhead and avoid long latency.

[image: ]
Fig 3. An example of location-based beam measurements
1. Polarization Support
3.1 Polarization Signaling
In RAN1#103-e, it was agreed to support indication of polarization information for DL and UL by the network. Circular polarization is widely used in satellite communications due to its advantages such as inter-cell interference mitigation (due to orthogonality), higher spectral efficiency (due to polarization reuse), spectrum sharing (different polarizations at same frequency), and especially its robustness against atmospheric losses. Satellite systems may employ different polarization types for different frequency bands, i.e., circular polarization at higher frequency bands while linear polarization at lower frequency bands. On the other hand, UEs in a cell may support different polarization configurations, e.g., one circular polarization type, both circular polarization types, and multiple polarization types. In order to avoid polarization mismatch errors, polarization synchronization is required between satellite and UE. Additionally, depending upon the polarization capabilities of UE, gNB may schedule on different resources for communication with different UEs. Therefore, UE will be required to report its supported polarization types to gNB.
Proposal 5:  UE reporting of its polarization capability is supported.
[bookmark: _Hlk58960452]3.2 Polarization Indication
Polarization information is not only necessary in initial access, but also in connected mode to facilitate beam switching as different polarizations can be configured for same or different beams. A simple way to indicate the polarization for a reliable initial access procedure is to predefine a polarization type for initial access. All UEs should have at least this polarization capability to avoid polarization mismatch loss during initial access phase. However, defining a single polarization for all frequency bands will limit the system performance, as in satellite systems circular polarization is used at higher frequencies to combat the atmospheric losses while linear polarization is used at lower frequencies. Alternatively, single or multiple polarization types corresponding to different frequency bands can be defined to facilitate the initial access procedure, where UE needs to at least have these predefined polarization capabilities for the respective frequencies. In case of supporting multiple polarizations in a frequency band, UE can still detect a wrong polarization due to reflections. For example, both LHCP (left hand circular polarization) and RHCP (right hand circular polarization) may be supported for Ka band to take advantage of spectrum sharing between different operators. At this band, UE will search for both polarizations for initial access. Assuming, satellite transmits SSB using LHCP, the UE may detect a beam with RHCP due to reflection from buildings and use this identified polarization type for PRACH, resulting in a polarization mismatch loss at gNB.
Observation 2: Defining only a single polarization type for all frequency bands may result in reduced spectrum sharing capabilities, whereas defining multiple polarization types may result in erroneous polarization detection. 
Proposal 6: In order to facilitate initial access procedure, one or multiple basic polarization types can be defined for different frequency bands.
In order to further facilitate the initial access phase, the polarization information may be broadcasted in SIB. However, in case the polarization is not predefined, UE will still detect SSBs blindly without the polarization information during initial cell search. In such case, a polarization mismatch may frequently occur and will eventually result in degradation of DL reception performance. To alleviate this degradation, information for the used DL polarization type may be embedded in SSBs to have a robust initial access procedure.  
Proposal 7: DL Polarization information can be indicated in SSBs to avoid degradation of initial cell search.
Similarly, UE needs to report its polarization capabilities for efficient resource allocation, beam switching, and handover procedures. This information may be shared with gNB during initial access or in connected mode. Communicating polarization capabilities during initial access can result in more reliable connection and resource allocation. A UE may use the same polarization during initial access as that indicated/detected in DL. For example, UE transmits PRACH preamble using the same polarization as detected in an SSB. The UE transmits a PRACH with LHCP if SSB is detected with LHCP and transmits a PRACH with RHCP if SSB is detected with RHCP. In order to avoid the wrong detection probability in case of SSB polarization detection, a UE may transmit PRACH with both polarizations. Such configuration not only compensates for the polarization mismatch error in downlink but also enhances the uplink coverage. 
[bookmark: _Hlk59014521]Proposal 8: UL Polarization information can be indicated in PRACH during initial access.
[bookmark: _Hlk59014613]3.3 Indication of Polarization Multiplexing 
Circular polarization offers more flexibility to the network for configuring resources. Since LHCP and RHCP are orthogonal, the same frequency/spatial/time resources can be utilized to configure single or multiple users. Such polarization multiplexing acts as a rank-2 MIMO system where diversity or spatial multiplexing can be employed for enhancing the overall system capacity.

[image: ]
Figure 4: polarization multiplexing within a single beam /coverage area and two beams /cells
Polarization multiplexing may be used to multiplex data streams within a satellite beam/coverage area or overlapping regions of two satellite beams/cells/coverage areas, as shown in figure 4. The second scenario may occur frequently for LEO satellites systems using beam deployment with frequency reuse of 4, as shown in figure 5. For instance, users on the beam edges of same BWP can benefit from polarization multiplexing, e.g., UE1 in figure 5. Therefore, it may be beneficial to support indication of polarization multiplexing in such scenarios, where it may be indicated through DCI or a TCI state signalling for data reception/transmission.
[image: ]
Figure 5: Multiple beams in a cell using frequency reuse = 4 

[bookmark: _Hlk59017613]Proposal 9: Indication of polarization multiplexing is supported where DCI or TCI state signalling may be used for polarization-based multi-user multiplexing and single-user higher rank transmission.
3.4 Polarization measurements and reporting
In case of frequency reuse factor of 3 and 4, there may be one-to-one or one-to-many mapping between BWPs, beams, and polarizations, where single or multiple polarizations are supported within a beam or BWP. Therefore, polarization-based measurement and reporting will be required for efficient beam or BWP switching and handover. For instance, UE 2 in figure 5 will need to measure LHCP and RHCP on F0 and LHCP on F1. For this purpose, the signaling for polarization type measurement resources for respective beam and BWP would be necessary. For instance, CSI resources may be associated with one or multiple specific polarization types where such information may be indicated to UE by gNB. Additionally, UE may need to indicate polarization in its report. 
Proposal 10: Measurement and reporting signaling for polarization is needed for efficient beam switching and handover. CSI-RS may be used for polarization measurements.
1. Conclusion
In this contribution, we discussed the issues related to beam management in NTN network, and our proposals are as following:
Observation 1: For NTN, current NR based measurement-based beam management will result in large signaling overhead and long latency for periodic exchange of CSI-RS transmissions and corresponding reporting. 
Proposal 1: Study a common BWP or separate different BWPs for beam management.
Proposal 2: Consider impact of BWP switching delay for NZP CSI-RS for beam management configured at in corresponding BWPs. 
Proposal 3: Study the restriction between beam and BWP.
Proposal 4: Study further methods to perform beam measurements in order to reduce the signaling overhead and avoid long latency.
Proposal 5:  UE reporting of its polarization capability is supported.
Observation 2: Defining only a single polarization type for all frequency bands may result in reduced spectrum sharing capabilities, whereas defining multiple polarization types may result in erroneous polarization detection. 
Proposal 6: In order to facilitate initial access procedure, one or multiple basic polarization types can be defined for different frequency bands.
Proposal 7: DL Polarization information can be indicated in SSBs to avoid degradation of initial cell search.
Proposal 8: UL Polarization information can be indicated in PRACH during initial access.
Proposal 9: Indication of polarization multiplexing is supported where DCI or TCI state signalling may be used for polarization-based multi-user multiplexing and single-user higher rank transmission.
Proposal 10: Measurement and reporting signaling for polarization is needed for efficient beam switching and handover. CSI-RS may be used for polarization measurements.
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Table 8.6.2-1: BWP switch delay
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Note 1 Depends on UE capabilly.
Note 2

If the BWP switch involves changing of SCS, the BWP
switch delay is determined by the larger one between
the SCS before BWP switch and the SCS after BWP

switch.





image3.png




image4.png
)

\t





image5.png
Areas with
same frequency

Areas with
two different
frequencies

0





image1.emf
Beam#1

Cell#0

BWP#0

Beam#0

Cell#0

BWP#2

Beam#2

Cell#0

BWP#1

Beam#6

Cell#0

BWP#1

Beam#5

Cell#0

BWP#0

Beam#3

Cell#0

BWP#0

Beam#4

Cell#0

BWP+1

BWP#0 BWP#1 BWP#2

frequency


oleObject1.bin
Beam#1
Cell#0
BWP#0


Beam#0
Cell#0
BWP#2


Beam#2
Cell#0
BWP#1


Beam#6
Cell#0
BWP#1


Beam#5
Cell#0
BWP#0


Beam#3
Cell#0
BWP#0


Beam#4
Cell#0
BWP+1


BWP#0


BWP#1


BWP#2


frequency



