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Based on the NTN WID, the following issues should be discused and specified if benefits are identified:
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode

In RAN#104e meeting, regarding beam management enhancement, a few agreements were concluded as follows [1]:
Agreement:
Support at least explicit indication of polarization information for DL by the network
· FFS: whether the indication is done by SIB, other RRC signaling, DCI.
· FFS: Whether separate signaling is needed for the UL and if so, whether or not a same polarization is indicated for DL and UL

Conclusion:
Discuss whether or not at least following issues are valid and decide whether or not enhancements are needed in addition to current NR specification for supporting NTN beam management:
· Issue 1: NR BWP is not directly associated with a beam. Thus, when using TCI to change beam from beam 1 to beam 2, it does not trigger NR BWP switching. However, in NTN FRF>1 case, beam switching may result in a BWP switching.
· Issue 2: NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL.
· Issue 3: NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, we may need a fast BWP switching triggering without data scheduling.
· Issue 4: NR BWP switching does not require re-synchronization. However, in NTN FRF>1 scenario, when a satellite beam switching is triggered, UE may need to perform re-synchronization in the switched BWP. 
· Issue 5: Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured BWP switching (can be a sequence of BWPs) may be preferred but current NR does not allow it.
· Issue 6: How to deal with BWP switching triggered by bwpInactivityTimer, RA procedure, or simply a need to increase throughput instead of for beam-level mobility.
· Issue 7: NR BWP switching/beam switching is done with UE specific signalling due to UE movement’s. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we may need to a common BWP/beam switching mechanism to save the signalling overhead.

Conclusion:
Discuss the necessity of reporting UE polarization capability considering at least following aspects, 
· Deployment scenarios.
· UE implementation aspects with respect to polarization.
· Satellite implementation aspects for switching between polarization states.
· Satellite implementation aspects for realizing multiplexing of UEs having different polarization capabilities.
Discussion 
0. Beam management and BWP operation
Beam and BWP association
Based on RAN#103e meeting agreements, NR solutions on one-beam per cell and multiple-beam per cell are taken as the baseline. Recalling the NR specification, one beam per cell means UE will perform cell based handover when connected beam is changed. If multiple beams are associated with one cell, based on NR specification, all beams will be linked to same frequency band. In this case, L1 based beam switch is performed in case that beam connected beam is changed. The challenged case is multiple beams per cell with different frequency band. Since NTN will try to use FDM mode for beam multiplexing, this case is worth to be further investigated.
For beam management in NTN in case of FDM beam multiplexing, we think some basic principles should be followed:
· Try to reuse NR Rel-15 framework to keep NTN standard popularity
· Main target of beam management enhancement is to simplify beam switching for connected UE, rather than to introduce unnecessary optimization. 
For beam management of NTN, a potential solution is to inherit BWP switching scheme of Rel-15, where one BWP is linked to one satellite beam. Firstly we can analyse the applicability of Rel-15 BWP framework, and consider the potential enhancements.
As stated in 38.300 Annex B.2, one carrier can support multiple BWPs, where each BWP is linked to an initial BWP, and different initial BWPs belong to different cells for IDLE UE, but for connected mode UE, multiple BWPs are mapping to one cell. BWP based switching can effectively reduce latency and the overhead of beam handover for connected UE. So it has provided sufficient flexibility to enhance beam management based on Rel-15 framework.
For RRC-IDLE UE, since the mobility enhancement in IDLE mode is not essential, one NTN cell can only include one cell from UE perspective. Then one downlink beam and one uplink beam are configured for each cell, no need enhancement. After receiving system messages, UE can conduct cell selection and reselection for diffent cells. Only one initial BWP is visible for RRC-IDLE UE.
For RRC-Connected UE, UE can be informed with multiple BWPs configuration besides initial BWP. One cell can comprise of multiple satellite beams, each beam linked to one BWP. In NR Rel-15, only 4 BWPs are configured at most, but for NTN, more beams can be supported, correspondingly, more BWPs can be configured, for example, 8 BWPs can be configured. The example of mapping between BWP and beam in RRC_IDLE and RRC_Connected is shown in Figure 1. When UE is in RRC-IDLE state, 4 beams are associated with 4 different cells, but after RRC connection establishment, one UE accessing from F0 band can be configured with 3 additional active BWPs, and then 4 BWPs are associated to cell0, but it didn’t change cell mapping for RRC-IDLE UE, just one remapping for RRC-connected UE. It should be noted that if reusing NR BWP framework, no SSB enhancement is needed. 



[bookmark: _Ref53588474]Figure 1 Example of mapping between BWP and beam

Proposal 1: For RRC-IDLE UE, one cell is only associated with one satellite beam, no enhancement needed.  
Proposal 2: For RRC-Connected UE, one small enhancement is considered:
· A cell comprises of multiple satellite beams with different coverage areas, wherein only one beam is linked to one initial BWP and other beams are linked to different active BWPs. 
Proposal 3: SSB configuration in one BWP follows NR Rel-15 framework, no enhancement needed.

BWP Activation/De-activation for beam switch
In the legacy Rel-15 BWP switching, one DCI signalling is used to indicate BWP switching, and UE will receive a data packet or transmit a packet in new BWP. However, the challenges of Beam management are caused by multiple beams per cell with different frequency, and some limitations are idenitified in NTN beam switching:
Major issues:
· Issue 1: NR BWP switching in UL and DL are not jointly triggered. However, in NTN FRF>1 FDD scenario, beam switching should result in a BWP switching in both DL and UL. 
· Issue 2: NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, we may need a fast BWP switching triggering without data scheduling. 
· Issue 3: NR BWP switching does not require re-synchronization. However, in NTN FRF>1 scenario, when a satellite beam switching is triggered, UE needs to perform re-synchronization in the switched BWP.
Minor Issues:
· Issue 1: NR BWP is not directly associated with a beam. Thus, when using TCI to change beam from beam 1 to beam 2, it does not trigger NR BWP switching. However, in NTN FRF>1 case, beam switching should result in a BWP switching. 
· Issue 2: Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured BWP switching (can be a sequence of BWPs) is preferred but current NR does not allow it.
· Issue 3: How to deal with BWP switching triggered by bwpInactivityTimer, RA procedure, or simply a need to increase throughput instead of for beam-level mobility.
· Issue 4: NR BWP switching/beam switching is done with UE specific signalling due to UE movements. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we need to a common BWP/beam switching mechanism to save the signalling overhead.
We should firstly resolve the major issues in NTN beam switching. Based on UE location information and ephemeris information, the network can determine whether to start beam switching and configure neighboring beam information. In order to make it robust in BWP based beam switching in NTN scenarios, some additional enhancements should be considered to fit NTN scenarios:
· DL BWP and UL BWP should be switched together.
· DL synchronization and UL synchronization should be re-estabilished if different beams corresponds to different RF branchs of a satellite. 
· UE should inform the gNB about the BWP switching completion via UL signal transmission. 
· Network should trigger the UE to do BWP switching dedicatedly for beam swtiching only..
With above technical optimization, the beam switching based on BWP for NTN case could be feasible and reliable. A BWP switching example is shown in the Figure 2.
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[bookmark: _Ref53565152]Figure 2 BWP switching solution for NTN beam switching

Proposal 4: Support BWP based beam switching enhancement in NTN to reduce beam switching latency. 
There are some standard impacts of BWP switching in NTN: 
1) enable BWP switching of UL and DL simultaneously. Actually we may also consider one differential indication for normal BWP switch and dedicated BWP based beam switching. 
2) enable UE to confirm the switching is completed in UE side. In order to guarantee the switching reliablity, one simple way is to schedule one PRACH or one PUSCH to confirm the BWP switching completetion. 
Proposal 5: Enable BWP switching of UL and DL simultaneously and support UE confirmation after BWP switching successfully.  
Based on above analysis, we can consider using DCI command to switch beam based on the BWP index, which triggers a random access process. For example, add dedicated BWP index to indicate beam switching in DCI 1_0, where BWP index can be used together with PDCCH order triggering.
Proposal 6: Support DCI to indicate beam switching with BWP index indication. 

0. Signalling of polarization
0.1.1.1 Network Polarization indication
As discussed in the last meeting, the polarization reuse scheme can improve spectral efficiency and mitigate the inter-beam interference. In this scheme, the neighboring cells or beams with different polarization modes can mitigate the inter-cell or inter-beam interference, shown in the figure 3.


Figure 3 Beam, Frequency and Polarization reuse


If the UE cannot reliably detect the used DL polarization, it may cause link failure or performance loss. The network should inform UE the polarization indication for DL as possible as early. A NTN cell can contain multiple beams, and adjacent beams use frequency and polarization reuse generally. Network informs UE the polarization indication of each beam in one cell for DL by SIB. We think network polarization indication for DL is same as for UL. The main target of polarization indication should be the confirmation of UE detection result and convenient for neighboring cell measurement or handover. Moreover, too much overhead for signalling is not expected.

Proposal 7: Network informs UE the polarization indication per beam by SIB, and polarization mode of DL and UL should be same.

0.1.1.2 UE polarization capability and reporting
As the agreement of polarization mentioned in the RAN#102e meeting, the UE with different polarization capability should be supported in the NTN, such as RHCP, LHCP and Linear. To serve multiple types of devices, it is better to let the network know the polarization capability of all UEs. However, whether or not to report the polarization capability depends on the type of the UE and the scenario of networks.
For the UEs with the single circular polarization, they can just work normally in the beams with matched polarization. In the polarization reuse network, the single circular polarization UEs can just achieve the good performance in half of the beams no matter whether its polarization capability reporting to the network or not.

For the UE with dual circular polarization, they have the capability to detect both RHCP and LHCP with autonomous way. Additionally, if network indicates the polarization way, UE can be adapted to network. They can work effectively in the polarization reuse networks even if the polarization capability is not reported. Network can assume UE is able to adjust its polarization mode, so the reporting of polarization capability is not necessary for single beam transmission mod.  

For the UE with the linear polarization, UE will suffer from 3 dB depolarization loss camping in circle polarization beams if using single receiver branch. To avoid depolarization loss in case of UE with linear polarization capability, a combination of the two Rx branches in the UE may be used in the downlink. But for the linear polarization UEs with single Rx branch in downlink, there is no other method to prevent the depolarization loss. So, reporting the polarization mode of the UEs is not sufficient to help UE work in a better way.  

Based on above analysis, we don’t think reporting the UE polarization capability is necessary.

Proposal 8: [bookmark: OLE_LINK1][bookmark: OLE_LINK2] Reporting UE polarization capability is not necessary.

Conclusion
In this contribution, we analzyed potential issues for beam switching and provided a set of solution.
Proposal 1:  For RRC-IDLE UE, one cell is only associated with one satellite beam, no enhancement needed.  
Proposal 2: For RRC-Connected UE, one small enhancement is considered:
· A cell comprises of multiple satellite beams with different coverage areas, wherein only one beam is linked to one initial BWP and other beams are linked to different active BWPs. 
Proposal 3: SSB configuration in one BWP follows NR Rel-15 framework, no enhancement needed. 
Proposal 4: Support BWP based beam switching enhancement in NTN to reduce beam switching latency.
Proposal 5: Enable BWP switching of UL and DL simultaneously and support UE confirmation after BWP switching successfully.
Proposal 6: Support DCI to indicate beam switching with BWP index indication. 

For polarization indication, we proposal:
Proposal 7: [bookmark: _GoBack]Network informs UE the polarization indication per beam by SIB, and polarization mode of DL and UL should be same.
Proposal 8: Reporting UE polarization capability is not necessary.
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The following related 38.300 Annex original contents as quoted from [3]are:
[bookmark: _Toc534932556]B.2	Multiple SSBs in a carrier
For a UE in RRC_CONNECTED, the BWPs configured by a serving cell may overlap in the frequency domain with the BWPs configured for other UEs by other cells within a carrier. Multiple SSBs may also be transmitted within the frequency span of a carrier used by the serving cell. However, from the UE perspective, each serving cell is associated to at most a single SSB. Figure B.2-1 below describes a scenario with multiple SSBs in a carrier, identifying two different cells (NCGI = 5, associated to SSB1, and NCGI = 6, associated to SSB3) with overlapping BWPs, and where RRM measurements can be configured to be performed by the UE on each of the available SSBs, i.e. SSB1, SSB2, SSB3 and SSB4.


Figure B.2-1: Example of multiple SSBs in a carrier
[bookmark: _Ref16672160]
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