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Introduction
In RAN #86, the WI for NTN support in NR has been approved with following objectives for RAN1 [1]: 
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements [RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode
[bookmark: _Hlk528874692]In RAN1 #102e, the following agreement has been made as a progress for beam management and polarization with frequency reuse:
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 

In RAN1 #103e, the following agreement has been made as further progress on beam management and polarization:
Agreement:
Indication of polarization information for DL and UL by the network is supported. 
· FFS: Signaling details

In this contribution, we discuss feeder link switch and beam management related issues for NTN.
Discussion
Feeder Link Switch
Feeder Link Switch for Transparent LEO
Rel-17 NTN will support both GEO and LEO satellite constellations, where GEO deployments are characterized by large propagation delay and cell size, however stationary and approximately fixed relative to a point on earth. Though propagation delay and cell size is less in LEO deployments, satellites move relative to a fixed point on earth with cells either moving along the ground, or fixed via e.g. beam steering techniques.
Furthermore, in the Rel-17 NTN WID, it is assumed that a transparent or “bent-pipe” configuration will be deployed, where the gNB is located on the ground and a satellite relays signalling between the gNB and the UE. This configuration is comprised of two “links”: that associated with the connection between the gNB (via a gateway) and satellite, defined as the “feeder-link” and that between the UE and satellite.
As transparent LEO satellites move around the earth, the satellite may pass a transition point where the serving gNB falls out of coverage, for example, due to the curvature of the earth. At this transition point (or within a time period before), the satellite must establish a new feeder link to an alternative gNB. The point at which the satellite establishes a connection to a new land-based gNB is referred to in the TR as a feeder link switch.
‘Hard’ and ‘Soft’ feeder link switch
Two methods to perform a feeder link switch have been captured in the TR: a “hard” feeder link switch and a “soft” feeder link switch. A hard feeder link switch requires the satellite to only maintain one feeder link at a time, thus before establishing a connection to a new gNB, the satellite must first sever the connection with the former serving gNB. A soft feeder link switch allows the satellite to maintain multiple feeder links for a period prior to severing the connection with the former serving gNB, assuming that the satellite can represent cells of two different gNBs over a given area using the same satellite, but via different land-based GWs.
As a hard feeder link switch entails the satellite severing the connection with the former serving gNB, all connected UEs must be simultaneously transition to the new gNB once the new feeder link is established. Given the large cell sizes and possible user density in NTN, this could lead to a RACH storm with frequent RACH collision. As well, given the increased propagation delay in NTN the signalling required to perform RRC re-establishment to a new gNB (e.g. RLF detection, cell selection, potential re-establishment failure) may introduce significant signalling latency and possible service interruption.
Observation 1: A hard feeder link switch can result in all connected mode UEs served by the satellite attempting mobility simultaneously, leading to RACH collisions, RLF and service interruption due to cumulative delay in RRC re-establishment signalling.
The TR captures possible methods to mitigate these issues for hard feeder link switch. For example, the HO command may be sent to all UEs prior to the switch with an activation time included in the HO command to properly time the HO to after the feeder link switch. However, synchronizing a potentially very large number UEs to perform handover without collision introduces additional complexity, in addition to service interruption for UEs which are scheduled to perform HO later.
To compensate for the portion of UEs which may not be able to perform handover, the TR further mentions that the network may provide additional information to the UE to reduce time for RRC re-establishment such as next cell identity. However, based on current Rel-16 specification this may assume that there is an interface between the target gNB and last serving gNB, for example, to retrieve UE context data. As simultaneous feeder links are not supported in a hard switch, the only method for gNBs exchange this information is via land-based connection. Since the source and target gNBs may be located very far away (e.g. on different continents) the exchange of information may also take significant time, which is much more time critical for the hard switch, should a land-based connection even exist. This may result at best possible service interruption to the UE.
Observation 2: Synchronizing UEs to perform HO without collision introduces complexity and additional signalling in the HO command. Providing assistance data to aid RRC re-establishment may assume a land-based connection between source and target gNBs, which cannot be guaranteed.
Alternatively, during a soft feeder link switch the satellite broadcasts cells from different gNBs (via different land based GWs), each cell may be associated with a separate PCI. To differentiate the two cells, the TR notes that the target gNB may use different synchronization raster points for CD-SSBs to allow the UE to differentiate the cells. This method would provide much less impact to current specifications.
Observation 3: Soft feeder link switch can support unique PCIs for cells from the source and target gNBs to be simultaneously relayed through the same satellite. The UE can distinguish the cells by different synchronization raster points for CD-SSBs.
Observation 4: Soft feeder link switch has less impact to current specification.
Given the lesser impact to current specifications and reduced possibility of service interruption, RLF, complexity and signalling overhead, it is therefore proposed that soft feeder link switch be supported in Rel-17 NTN.
Proposal 1: Rel-17 supports soft feeder link switch for transparent LEO NTN.
Beam management
Association between beam and BWP
It has been agreed that a single beam per cell or multiple beams per cell can be considered for NTN in Rel-17 and the existing NR specification is the baseline for the NTN beam management. A single beam per cell seems to be straightforward as there is no beam management in that scenario. When multiple beams are used in a cell, beam management is required as the beam pair (between Tx/Rx) has to be updated when it is needed.
One of the key difference between NTN and TN in terms of beam management (at least in Rel-16) is whether the beam management operation assumes simultaneous multi-beam Tx/Rx. In NTN, it is assumed that multiple beams could be transmitted simulatenously to cover the whole cell areas and each beam covers a sub-area within the cell. On the other hand, in TN, it has been assumed that a single beam could be transmitted at a time. Therefore, TDM has been assumed when multiple beams has to be transmitted. Therefore, inter-beam co-channel interference becomes an issue as a neighoring beam could interfere with a serving beam which is similar to inter-cell interference. In order to reduce the inter-beam co-channel interference, the frequency reuse for the beams in a cell was discussed. The frequency reuse for the beams in a cell could be implemented with different bandwidth part allocation for the neighboring beams so that a UE in a beam is not required to receive signals beyond the bandwidth used for the UE, which is beneficial in terms for the power saving. Then, when a UE moves from a beam to another, it can simply switch the BWP.
Proposal 2: consider different BWP allocation per beam (e.g., at least for the neighboring beams) as baseline when multiple beams per cell are used
Assuming that the frequency reuse is used for the multiple beams in a cell, the beam measurement for the beams other than the current serving beam could be complicated as the measurement RS for the other beams could be located in a different BWP. Note that measurement of NZP-CSI-RS in an inactive BWP is not supported in current specification. 
In order to minimize the standards impact for the beam measurement in different BWPs, the gNB may switch a UE from a serving BWP to a target BWP (e.g., neighboring) for beam measurement and trigger aperiodic CSI reporting in the target BWP; and switch back to the serving BWP after receiving the CSI reporting. However, this may requires quite a long time gap during which a UE may not receive/transmit in the serving BWP and the number of beams to measure could be relatively large considering the number of neighboring beam could as many as 6.
Therefore, it is beneficial to study the mechanism (e.g., beam measurement in an inactive BWP) which can reduce the time gap (or measurement gap) for measuring neighboring beams when frequency reuse is used.
Proposal 3:  study a mechanism to reduce the time gap to measure neighboring beams when frequency reuse is used for multiple beams in a cell
Association between SSB and BWP
In RAN1 #103-e, the following 4 options were discussed for the association between SSB and BWP:
· Option-1: same beam layout for BWP0 and BWPx
· Option-2: hierarchical beam layout for different BWPs
· Option-3: mapping between SSB index and BWP index
· Option-4: SSB transmission in beam-specific initial BWP
Among the options, the Option-1/2 seems to be already supported by current specification. Then, the discussion is whether an additional mechanism on top of what already exist has to be introduced for NTN. As discussed in the previous section, in NTN, multiple beams in a same cell could be simultaneously transmitted and each beam covers a sub-area within the cell. Therefore, using  different frequencies for the neighboring beams may be beneficial to reduce the inter-beam interference. In such a scenario, the associated SSB for a BWP (e.g., beam-specific initial BWP) is transmitted in the same frequency band seems to provide a benefit that an additional CSI-RS doesn’t need to be configured/transmitted for beam measurement. However, it may require a significant specification impacts as the SSBs with different beams have been transmitted in the same frequency in the current specification. As such, SSB transmission in each beam-specific BWP could change UE initial access behaviors.
Based on the above observation, the Option-1/2 may be considered as a baseline and further study seems to be needed for the Option-3/4 to investigate the benefit and potential specification impacts, and whether the benefit could justify the potential standards efforts.
Proposal 4:  consider Option-1/2 as baseline and study further the Option-3/4 to identify the potential benefits and specification impacts

Conclusion
In this contribution the following observations and proposals were made concerning feeder link switch and beam management in NTN:
Observation 1: A hard feeder link switch can result in all connected mode UEs served by the satellite attempting mobility simultaneously, leading to RACH collisions, RLF and service interruption due to cumulative delay in RRC re-establishment signalling.
Observation 2: Synchronizing UEs to perform HO without collision introduces complexity and additional signalling in the HO command. Providing assistance data to aid RRC re-establishment may assume a land-based connection between source and target gNBs, which cannot be guaranteed.
Observation 3: Soft feeder link switch can support unique PCIs for cells from the source and target gNBs to be simultaneously relayed through the same satellite. The UE can distinguish the cells by different synchronization raster points for CD-SSBs.
Observation 4: Soft feeder link switch has less impact to current specification.
Proposal 1: Rel-17 supports soft feeder link switch for transparent LEO NTN.
Proposal 2: consider different BWP allocation per beam as baseline when multiple beams per cell are used
Proposal 3:  study a mechanism to reduce the time gap to measure neighboring beams when frequency reuse is used for multiple beams in a cell
Proposal 4:  consider Option-1/2 as baseline and study further the Option-3/4 to identify the potential benefits and specification impacts
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