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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) [1] was approved at RAN#86 and one objective is to specify enhancement for beam management and bandwidth parts (BWP) operation for NTN with frequency reuse including signalling of polarization mode if beneficial and needed. 
In RAN1#104-e, the following conclusions were made for beam management in NTN [2]. 
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.

In this contribution, we discuss our views on beam switching, BWP switching and polarization indication for NTN.
[bookmark: _Ref129681832]Beam switching
Beam level mobility is dealt with at lower layers (PHY and MAC) without extra RRC signaling overhead associated with handover procedure. Therefore, it is considered beneficial to control the UE connected mode mobility instead of handover procedure mainly in case of multi-beam Earth moving cell. Therefore, issues related to beam switching have been extensively discussed in the previous meetings, however, no conclusions or agreements were made. It can be observed from the discussions that introduction of new mechanisms for beam management and switching is motivated by the aim of reducing signaling overhead and measurement efforts at UE side which would otherwise be incurred in the current mechanism which involves periodic exchange of CSI-RS transmission and measurement reporting in case of frequent beam switching in NTN.
Observation 1: It is preferred to perform beam switching in NTN with reduced signaling overhead and measurement effort at UE side.
Several options which have been proposed for beam management in NTN make use of predictability of beam switching due to knowledge of satellite movement and UE position. Examples of such techniques include timer-based switching and geometry-based switching which do not rely on measurements. Instead, they rely on assistance information from gNB to perform either gNB or UE triggered beam switching. However, some companies have raised concerns that determination of beam management should also consider the channel condition, especially with consideration on the LoS/NLoS condition and it cannot be purely location based predictable event. Therefore, mechanisms such as location aware CSI-RS transmission and measurement have been proposed which can reduce signaling overhead by adjusting periodicity of CSI-RS transmission and corresponding reporting according to the location of the UEs. Such methods can control measurement effort at the UE side by adjusting measurement period according to its location. Another measurement-based method which can reduce measurement reporting overhead is switching triggered by UE with configuration on certain threshold, e.g., elevation angle, or RSRP threshold. In our view, UE triggered measurement-based beam switching can sometimes result in unnecessary measurements and beam switching. For example, as shown in Figure 1, if UE0 traverses a path as shown in the figure due to satellite and/or UE movement, when it reaches edge of beam 2, if it was only up to UE to perform measurement upon reaching the edge or due to certain preconfigured threshold, it may switch to beam 2 based upon CSI-RS measurement and then switch to beam 7 due to the movement of satellite and/or UE, which will increase the complexity of UE for beam measurement. However, such undesirable results can be avoided with the help of assistance information and letting the gNB control beam switching e.g. by indicating the candidate beams for switching to the UE which relies on cannel measurements for beam switching as described below. 
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Figure 1 Path traversed by UE due to satellite and/or UE movement
Since CSI-RS resources can be beam specific, it is possible to assign mutually exclusive CSI-RS resources surrounding any particular beam of the satellite. For example, CSI-RS resources assigned to the seven beams in Figure 1 are not shared among the beams in this cluster. Note that these are not actual beam numbers in satellite footprint. For any UE, beam 1 is the serving beam and beam 2 to beam 7 are logical indices of surrounding beams in corresponding directions. Depending on beams’ footprints, each beam may be surrounded by more or less than 6 other beams. CSI-RS resource sets are defined so that based on the resource set a UE is signaled to measure, it can determine if it needs to perform measurements for beam switching and know target candidate beams. For example, referring to beam layout in Figure 1, resource sets can be defined as follows:
Set A = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 2, CSI-RS Resource Beam 3}
Set B = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 3, CSI-RS Resource Beam 4}
Set C = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 4, CSI-RS Resource Beam 5}
Set D = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 5, CSI-RS Resource Beam 6}
Set E = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 6, CSI-RS Resource Beam 7}
Set F = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 7, CSI-RS Resource Beam 2}
Set G = {CSI-RS Resource Beam 1}
Set H = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 2}
Set I = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 3}
Set J = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 4}
Set K = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 5}
Set L = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 6}
Set M = {CSI-RS Resource Beam 1, CSI-RS Resource Beam 7}

   where “CSI-RS Resource Beam X” denotes CSI-RS resources configured to measure the quality/strength of beam with logical index X. 
These resource sets can be either configured via RRC signaling or broadcast in system information. UE performs measurement on candidate beams for beam selection and switching only if quality of reference signal in the current beam is below a certain threshold and the UE has determined it is within/approaching coverage region of another beam based on the resource set it is signaled to measure. UE indicates the strongest beam, based on the measurements performed on reference signals, to the gNB for beam switching. Such a method can result in reduced overhead as measurement report is not sent to the gNB. Moreover, UE’s channel condition is taken into account since beam switching decision is based on measurement of signals from candidate beams from the candidate CSI-RS set(s) configured for the UE. Beam indication is triggered upon meeting certain condition(s), e.g., when the RSRP of another beam is X dB higher than the serving beam (X can be configured by gNB). Selected beam indication takes place via L1 or MAC layer reporting or RRC signaling.
For a UE to perform measurements on candidate beams and switch to the selected beam, assistance information from the gNB about the beams surrounding the serving beam can be useful. This can be sent e.g., via a MAC-CE scheduled via a group common DCI to one beam. The group comprises of all UEs served by the current beam and the information is related to the candidate beams surrounding current beam.
Another option is to send relevant information of all beams of the satellite to all UEs served by the satellite in system information.
The assistance information does not necessarily need to include beam layout with information such as the beam width of BWPs/beam, center elevation and azimuth etc. Instead, with preconfigured resources and indication of candidate resources as above, the assistance information only needs to include beam specific parameters which would be necessary for a UE to know to perform measurements on candidate beams. Due to gNB’s control over candidate beam indication, it can indicate appropriate candidate beams to a UE for load balancing or interference coordination. For example, when UE1 in Figure 1 is at the edge of beam1 or for within overlapping region between beam6 and beam7, gNB can select target beam for UE1 that is more suitable for e.g. load balancing. 
Proposal 1: To reduce measurement effort and retain some control of gNB over beam selection, it is proposed to support:
· Assign mutually exclusive CSI-RS resources to neighboring beams.
· Configure resource sets with possible combinations of candidate CSI-RS resources depending on the beam layout.
· Signaling from gNB indicates the candidate beams for measurement and beam switching.
· Assistance information from gNB includes any necessary information a UE would require to perform measurements on candidate beams.
· UE indicates selected beam for switching to the gNB based on measurement results from the candidate beams from the configured CSI-RS set(s).
[bookmark: _Hlk77851147]BWP switching
It was agreed to support both same beam layout in BWP#0 and BWP#x (Option 1) and hierarchical beam for BWP#0 (Option 2) by the specifications for NR-NTN, and further study whether any specification changes are needed specifically to support this functionality.

[bookmark: _Hlk78221048]Beam switching does not always trigger BWP switching. Several satellite beams can be mapped to a BWP of a UE.  The satellite beams may be useful to extend the cell coverage without NR beamforming. The beam management operation such as beam indication, beam measurements and reporting may not be applicable. The BWPs in which the UE will operate can be highly predictable. Since gNB can broadcast the ephemeris information to the UE, the operating BWP can be determined based on UE’s GNSS-acquired position and the serving satellite ephemeris. This also reduces power consumption for cases when measurement can be avoided. 
BWP switching can be done via the DCI, MAC-CE or inactivity timer (bwp-InactivityTimer). For the timer based BWP switching, when UE receives a PDCCH scheduling DL or UL, the inactivity timer (re)starts. If there is no additional scheduling command before the expiration of timer, UE will perform BWP switching to the initial BWP. 
It is proposed that the number of RBs should be extended to accommodate the increased cell size of satellite cells. Initial-active DL BWP #0 is defined by span of CORESET#0 configured by MIB (or dedicated RRC) for scheduling of SIBs. Supported sizes of initial-active DL BWP are only 24, 48, 96 RB currently. Initial active UL BWP #0 is configured by SIB1 for random access procedure. Furthermore, a single channel can include multiple SS/PBCH transmissions distributed across the channel bandwidth. The channel bandwidth can be divided to support multiple BWP#0. The UE uses the SS/PBCH for downlink RSRP or RSRQ measurements. The multiple SS/PBCH transmissions help reduce the cell search time. BWP#0 with smaller beam width will have better coverage of SSBs. 
In LEO scenario with earth-moving beams, due to the large propagation delay, it may no longer be feasible for the UE to fall back to the original BWP upon timer expiry. Furthermore, the satellite cell has a large coverage footprint of tens or hundreds of km, the common initial BWP can become congested or blocked if the number of users is large. With consideration on the larger cell coverage and long roundtrip time (RTT), mechanisms of configured BWP switching from a sequence of BWPs can be beneficial instead of switching back to the same initial BWP following a period of inactivity. If a UE keeps switching back to the initial BWP, prolonged delay or even RL failure may occur. L1 mobility via BWP switching does not require UE to perform re-synchronization in this scenario. Since the source and target BWP are from the same satellite, they can also share the same configuration towards the UE with regard to pdcch-Config, pdsch-Config, sps-Config, radioLinkMonitorConfig etc. Only the frequency location as identified by BWP ID may be changed and most of the configurations can remain the same.
The function of the bwp_InactivityTimer in the legacy system requires the UE to switch from the active BWP to default BWP. It was proposed that gNB may disable this function in NTN system by either providing a large value of timer duration or not providing the timer, in either case, the functionality of the inactivity timer is lost. The proposed solution not only keeps the functionality of the inactivity timer, but also improves the NTN system performance via autonomous BWP switching. 
Proposal 2: Support the UE initiated timer-based BWP switching to a new default BWP out of a sequence of BWPs. UE may be configured with a set of default BWPs and autonomously switch to the next BWP in the set of BWP#0 or next default BWP Id in defaultDLBWPIdSet for fallback.
In addition, gNB may instruct the UE to perform L1 RSRP measurement to assist the BWP switching. These aperiodic measurements can also be configured for UEs which are not moving or without data scheduling. 
If all L1 measurement reports are to be sent to the gNB, they may be out of date due to the propagation delay in NTN. Therefore, the measurement reports should be filtered at L1 and a measurement report will only be sent to the gNB if it meets certain configured threshold criteria for BWP switching. For example, 
new RSRP > thresholdBWPSwitch
and/or
new RSRP – old RSRP > deltaBWPSwitch
The L1 measurement report will inform the gNB of the potential default BWP switching initiated by the UE upon timer expiry. The filtered L1 measurement report sent to the gNB may act as a notification for configured BWP switching.
Proposal 3: Support the L1 filtered measurement report as a notification to gNB for UE initiated configured BWP switching.
Polarization Indication
In RAN1#106-e, it was agreed to support the following [3]:
Agreement:
When polarization signaling 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 signaling is per SSB

Polarization is useful in mitigating the inter-beam and inter-cell interference. For both DL and UL, the polarization configuration should therefore be per beam. Each satellite beam may have a different polarization configuration. If multiple satellite beams are used within a cell, information on the polarization for each SSB should be included in the SIB. The polarization signaling {Linear, RHCP, LHCP} can be indicated per satellite beam for each cell, grouped for DL and UL respectively, with periodicity corresponding to the ephemeris information update due to satellite moving.
For polarization multiplexing, satellite needs to transmit different streams with different polarizations in the same satellite beam. This may not be supported by the existing satellite. For polarization used for inter-beam interference mitigation, the polarization for each beam in one cell will not need to change dynamically. Dynamic change of the polarization information may also have impact on the beam layout, so it is not necessary to support dynamic polarization indication in Rel-17.
For downlink, UEs with linear polarization antenna can receive circular polarization signal and UE with circular polarization antenna can receive linear polarization signal. For uplink, if UEs not supporting circular polarization transmission and UEs only support circular polarization transmission both exist in a scenario, the polarization capability of UEs should be known to gNB for UL scheduling. UE Capability Indication can be indicated to gNB, e.g. {Linear, RHCP, LHCP, both RHCP&LHCP}.
[bookmark: _Hlk83295950][bookmark: _Hlk78812199]Proposal 4: Support polarization signaling per beam. 
Proposal 5: Do not support dynamic polarization indication in Rel-17.
Proposal 6: Support UE polarization capability indication to gNB.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following observations and proposals.
Observation 1: It is preferred to perform beam switching in NTN with reduced signaling overhead and measurement effort at UE.
Proposal 1: To reduce measurement effort and retain some control of gNB over beam selection, it is proposed to support:
· Assign mutually exclusive CSI-RS resources to neighboring beams.
· Configure resource sets with possible combinations of candidate CSI-RS resources depending on the beam layout.
· Signaling from gNB indicates the candidate beams for measurement and beam switching.
· Assistance information from gNB includes any necessary information a UE would require to perform measurements on candidate beams.
· UE indicates selected beam for switching to the gNB based on measurement results from the candidate beams from the configured CSI-RS set(s).
Proposal 2: Support the UE initiated timer-based BWP switching to a new default BWP out of a sequence of BWPs.  UE may be configured with a set of default BWPs and autonomously switch to the next BWP in the set of BWP#0 or next default BWP Id in defaultDLBWPIdSet for fallback.
Proposal 3: Support the L1 filtered measurement report as a notification to gNB for UE initiated configured BWP switching.
Proposal 4: Support polarization signaling per beam. 
Proposal 5: Do not support dynamic polarization indication in Rel-17.
Proposal 6: Support UE polarization capability indication to gNB.
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