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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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 last meeting, regarding beam management and feeder link switch enhancement, a few agreements were concluded as follows [1]:
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 
· 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 

Though there is no convergence on how to enhance beam management and feeder link switch in last meeting, there are some potential solutions proposed by some companies. In this contribution, we further analyze related technical issues and propose some solutions on beam management and BWP operation, signalling of polarization and feeder link switch in NTN scenarios.

Discussion 
0. Beam management and BWP operation
Beam and BWP association
Based on last 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 needs to be further investigated.
For beam management in NTN for different frequency band, 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 should analyse the 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 cell comprises of multiple satellite beams, each beam linked to one BWP. 
Proposal 3: SSB configuration in one BWP follows NR Rel-15 framework, no enhancement needed.

BWP Activation/De-activation
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Based on UE location information and ephemeris information, the network can determine whether to start beam switching and configure neighboring beam information. 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, some limitations are idenitified in NTN beam switching:
· BWP swtiching in UL and DL is separately configured, which is unsuitable for FDD NTN scenario.
· If BWP switching fails, UE can fall back to initial BWP, however, it is impossible in NTN case.
· BWP switching is coupled with data scheduling, so no dedicated BWP signalling for BWP switching only.
· Re-synchronizaiton procedure is not required in BWP switching procedure.
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 correspounds 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 consider one differential indicaiton 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 consider using DCI command to switch beam based on the BWP index, which triggers a random access process. We propose to add dedicated BWP index to indicate beam switching in DCI1_0, where there are fields for PDCCH order triggering random access.
-	DL Bandwidth part indicator – indicating DL BWP Index after beam switching, the actual number of bits depends on the FRF.
-	UL Bandwidth part indicator – indicating UL BWP Index after beam switching, UL beam ID can be coupled with DL beam ID.
Proposal 6: Support DCI to indicate beam switching with BWP index indication. 

0. [bookmark: _GoBack]Signaling of polarization
0.1.1.1 The need of polarization reusing in NTN
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 polarization reuse scheme used, frequency usage efficiency will be improved significantly. However, it has strong requirements for UE polarization capability. As mentioned in the figure 3, for the UEs supporting both RHCP and LHCP, the differences of the polarizing signal of the beam can be recognized and they can work smoothly in all of the beams no matter RHCP or LHCP in network side. The inter-beam interference for the dual circularly polarized UEs can be efficiently mitigated. But for the UEs with single circular polarization, such as RHCP, they can just only work in the beam1, beam3 and beam6. Furthermore, for the linear polarization UEs, they cannot discriminate the RHCP or LHCP signals, especially in the coverage between two neighboring beams with the same frequency as the shadow area in the above figure. For example, in the shadow coverage between Beam2 and Beam3, the linear polarization UE can receive the signals from both the two beams, and cannot discriminate the polarization characteristics. The serious inter-beam interference will be involved to the linear polarization UEs in this situation.

Observation 1: For the UEs supporting both RHCP and LHCP, polarization reuse configuration in the NTN is beneficial, while for the linear polarization UEs and single circular polarization UEs, network polarization reuse scheme is less useful.

Proposal 7: The polarization reuse scheme should be optional in NTN. 

0.1.1.2 Polarization configuration and indication
As the discussed in section 2.2.1.1, polarization reusing for multiple beams is only applicable for certain case, e.g. served UE can switch the polarization mode of received antenna. For the UE supporting RHCP and LHCP, UE can identify the polarization mode with blind detection. For linear polarization UE, UE doesn’t need network polarization indication. Hence, the information for network polarization mode is optionally indicated. In other words, in the initial access stage, UE can read the system information and connect the cell even if without polarization mode indication of network. For network polarization mode, it should include linear polarization, RHCP and LHCP at least, and even for forward compatibility, other polarization mode can be reserved.
Proposal 8: Broadcasting the polarization is optional, and UE can connect the network even if without the information of network polarization information.
In order to reduce signalling overhead, a simple method for indicating the polarization, such as RHCP or LHCP, is proposed. In this method, polarization mode is linked to cell ID. More specifically,  
· If the cell ID is even, the polarization is LHCP.
· If the cell ID is odd, the polarization is RHCP.
As mentioned above, the indication of polarization with cell ID is quite efficient and no additional overhead involved. UE can quickly recognize the polarization mode before read system information via cell ID detection. Also it can save the signalling overhead.

Proposal 9: The indication of the polarization mode can be linked to cell ID in network deployment without additional system information indication.  

0.1.1.3 UE polarization capability and reporting
As the agreement of polarization mentioned in the last 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, the network should be able to know the polarization capability of all UEs. Whether or not to report the polarization capability depends on the type of the UE and the scenario of networks.
· For the UE with single circular polarization 
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 its polarization capability reporting to the network or not.
Observation 2: The single circular polarization UEs cannot work in in the different circular polarization beams, so that reporting the polarization capability is useless. 

· For the UE with dual circular polarization
The dual circular polarizations UEs should have the capability to detect both RHCP and LHCP with autonomous way. They can work smoothly in the polarization reuse networks even if the polarization capability is not reported. Network can assume UE can adjust its polarization mode, so the reporting of polarization capability is not necessary.
Observation 3: It is not necessary to report the circular polarization mode to the network for the dual circular polarization UEs.

· For the UE with the linear polarization
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, the UEs should not only report the polarization capability, but also report the capability of combination with two branches in DL reception.

Observation 4: For the linear polarization UEs, not only the polarization capability but also the capability of combination with two branches should be reported to network.

Overall, for the polarization capability reporting, we make the following proposals: 

Proposal 10:  For circular polarization UE, polarization capability is not needed to report, while for linear polarization UE, polarization type and combination way of receivers need to be reported.
 

0. Feeder link switch  
Feeder Link Switching Methods
The impact of feeder link switch has been extensively discussed in RAN2, as captured in the TR 38.821. As the satellite moves, it is possible that the service link remains the same but the feeder link switches from one satellite gateway to another, called as hard feeder link switching, and counterpart is soft feeder link switch, in which dual connections are kept from the satellite to gateways. In last RAN2 meeting, soft feeder link switch and hard feeder link switch were agreed to supported both. Hence, we need to identify the impacts to RAN1.
[image: ]
[bookmark: _Ref53596633]Figure 4 Hard link switch: feeder link switches while service link remains the same

For hard feeder link switch, the scenario is illustrated in Figure 4, where the satellite feeder link switches from Gateway 1 (T1) to Gateway 2 (T2). However, when the satellite perform hard switch, the satellite needs to disconnect from the old gateway and connect with the new gateway. To make the UE access to the serving cell again, two potential options are discussed in pasting meeting below:
· Solution 1: group switching based on accurate time control
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Group switching is based on accurate time control.The old feeder link serves the satellite until T1 and the new feeder link begins to serve the satellite from time T2. The HandOver (HO) command is sent to all the UEs before T1, which initiate the handover procedure after T2 based on an activation time included in the HO command. All UE attempt to access the new serving cell step by step after T2, which maintain the continuity of user’s service and reduce time of accessing new serving cell.
· Solution 2: switching based on RRC re-establishment
For RRC re-establishment procedure, UE need disconnect with old service cell firstly and restore RRC connection with new service cell. User’s QoS is not guaranteed and UE attempt to access new service cell disorderly, which will take a long time to restore RRC connection and affect UE experience.
Proposal 11: Feeder link hard switch procedure should be based on group switching with accurate time control.
During the feeder link switching process, because all users in the cell need switch to the new cell, which need re-establish synchronization and RRC connection, a large amount of signaling messages will be generated in a short period of time, which will produce signaling storms. So, It is essential that the PHY layer design in NTN considers the impact of feeder link switch to ensure a smooth transition. 
· Coping with transmission interruptions: There will be an idle period of the satellite transmission/reception, when the satellite switches its connection from the old gateway to the new gateway or when the service link switches. During the transition, a UE should not transmit in the uplink, which may impact configured grant-based UL transmission.
· Timing Advance (TA) update: For the scenario in Figure 4, where the timing based on the link distance T1+T3 needs to be updated based on T2+T3. The TA values configured for the previous gateway will need to be updated for the new gateway for feeder link switch. 
· Time/frequency re-synchronization: The downlink frequency and timing may also need to be updated. Radio frequency channel and the doppler frequency shift change from the old gateway to the new gateway. UE should perform DL synchronization again after the feeder link switch.
· Random access attempts: There will possibly be a massive number of random-access attempts by UEs to acquire re-synchronization following the switch. This can increase the collisions for contention-based random access, which may overburden the network and also increase the access latency and power consumption. NTN network should regulate access attempts in the feeder link switch.

The network may anticipate these events controllable and perform proactive actions to ensure a smooth transition. To mitigate the effects of feeder link switch based on group switching, the network may send switch-related information to the UEs to help prepare for group switching:
· The network should inform UE to stop UL transmission. Meanwhile, UE should should perform DL synchronization from the new gateway again.
· To assist UE quickly synchronize to the new cell, network should broadcast the propagation delay difference, UL TA offset, Doppler conditions etc.
· In order to speed up group handover in hard link switching case, expanding the PRACH resources is necessary.

Hard feeder link switching need contention-free random access resources allocated in satellite systems,where it should support CFRA of mass of users at the same time by modifying some configuration. Basic consideration is to exend PRACH resouce capacity and allcation mechanism. For CFRA resource configuration, details are presented as one example in the follows: 
To distinguish RO resource powerly for different users and reduce RACH latency, we need expand the configuration of ssb-perRACH-Occasion, e.g from {1/8,1/4,1/2,1,2,4,8,16} to {1/128, 1/64, 1/32, 1/16, 1/8, 1/4, 1/2, 1, 2, 4, 8, 16}.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In order to extend PRACH capacity, the frequency domain parameter Msg1-FDM configuration can be extended, e.g from {1,2,4,8} to {1,2,4,8,16,32},which increases the number of RO opportunities in the frequency domain, reducing the random access delay. 
To support more users RO allocation, the resource parameter ra-ssb-OccasionMaskIndex should be expanded, e.g 32 or 64, which indicate more resources of CFRA in the RACH-ConfigDedicated.
Based on the above discussion, we propose the following:

Proposal 12: 
In order to support hard feeder link switching, the following enhancements can be considered:  
· Before handover, network should inform all UEs to stop UL transmission at one time point, and restart RRC connection in a new cell after a timer expired.
· The network should broadcast the propagation delay difference and UL TA offset of new targeted cell.
· PRACH parameters configuration need to be extended to support massive user handover, including ssb-perRACH-Occasion, Msg1-FDM, PRACH Mask index.


Conclusion
In this contribution, we analzyed potential issues of multiple beams per cell with frequency reuse and signalling of polarisation in NTN, and proposed a set of solution to enhance BWP based beam switch and indicate polarization : 
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 cell comprises of multiple satellite beams, each beam linked to one BWP. 
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. 
Proposal 7: The polarization reuse scheme should be optional in NTN. 
Proposal 8: Broadcasting the polarization is optional, and UE can connect the network even if without the information of network polarization information.
Proposal 9: The indication of the polarization mode can be linked to cell ID in network deployment without additional system information indication.
Proposal 10: For circular polarization UE, polarization capability is not needed to report, while for linear polarization UE, polarization type and combination way of receivers need to be reported.

Based on discussion of the previous sections, we made the following observations:
Observation 1: For the UEs supporting both RHCP and LHCP, polarization reuse configuration in the NTN is beneficial, while for the linear polarization UEs and single circular polarization UEs, network polarization reuse scheme is less useful.
Observation 2: The single circular polarization UEs cannot work in in the different circular polarization beams, so that reporting the polarization capability is useless. 
Observation 3: It is not necessary to report the circular polarization mode to the network for the dual circular polarization UEs.
Observation 4: For the linear polarization UEs, not only the polarization capability but also the capability of combination with two branches should be reported to network.

[bookmark: OLE_LINK12]We also analzyed feeder link switch impact on RAN1, and proposed a set of solutions to speed up group handover in hard link switching case:
Proposal 11: Feeder link hard switch procedure should be based on group switching with accurate time control.
Proposal 12: 
In order to support hard feeder link switching, the following enhancements can be considered:  
· Before handover, network should inform all UEs to stop UL transmission at one time point, and restart RRC connection in a new cell after a timer expired.
· The network should broadcast the propagation delay difference and UL TA offset of new targeted cell.
· PRACH parameters configuration need to be extended to support massive user handover, including ssb-perRACH-Occasion, Msg1-FDM, PRACH Mask index.
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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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