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Introduction
The WIDs for NR NTN and IoT NTN were approved by RAN plenary in RP-220953 [1] and RP-220979 [2], respectively. In this paper, we will provide our views on the issues related to supporting PUR for NGSO-based IoT NTN and beam switching and BWP switching for ‘non-terrestrial networks (NTN)’.
Discussion 
Supporting PUR for NGSO-based IoT NTN 
In R17 IoT NTN, there were discussions on whether to support PUR for IoT NTN. The following agreement was made in the RAN 1 106bis e-meeting. 
Agreement in RAN 1 106bis e-meeting: 
· Support PUR at least for GEO-based (Geostationary Satellite Orbit) IoT NTN in Rel-17
· FFS: for NGSO-based (Non-Geostationary Satellite Orbit) IoT NTN.
The coverage of NGSO-based IoT NTN may move due to their orbital movement, which makes it more challenging to support PUR in this scenario. There are several companies proposed to support PUR for NGSO-based IoT NTN in the Rel-17 IoT NTN discussion. The main concern raised in the discussion was there might be potential additional assessment on timing alignment validation criteria for NGSO-based IoT NTN. In regard to the limited time budget in Rel-17, the solution to this issue was not pursued. However, considering the critical power saving requirements and less frequent data transmission of IoT devices, it would be beneficial to support PUR for NGSO-based IoT NTN. From our perspective, RAN1 can reopen the discussion on this issue in Rel-18. 
As mentioned in Section 7.3d.3 TS 36.300, before the UE actually performs the UL transmission using the configured PUR, the UE shall determine that the PUR resource can be used (e.g. PUR enabled in the cell, valid Time Alignment, etc.). 
The Time Alignment validation criteria are detailed in Section 5.3.3.19 TS 36.331: 
The UE shall consider the timing alignment value for transmission using PUR to be valid when the following conditions are fulfilled:
1>	either pur-TimeAlignmentTimer is not configured or pur-TimeAlignmentTimer is running as confirmed by lower layers; and
1>	either pur-RSRP-ChangeThreshold (pur-NRSRP-ChangeThreshold in NB-IoT) is not configured or the following conditions are fulfilled:
2>	compared to the stored serving cell reference (N)RSRP value, the serving cell (N)RSRP has not increased by more than increaseThresh; and
2>	compared to the stored serving cell reference (N)RSRP value, the serving cell (N)RSRP has not decreased by more than decreaseThresh;
Based on the previous RAN1 discussion on IoT features, the main purpose of introducing the pur-RSRP-ChangeThreshold IE was to limit the variation of UE’s position. If the movement of the UE results in excessive RSPR variation, the configured PUR might be invalid. The NW may also configure different rules for the validation of the UE’s timing advance. However, for the IoT devices that support at least R17 and R18 IoT NTN features, the GNSS function is equipped within the UEs. And the UE is also capable to determine the timing advance. In the current spec, both the pur-TimeAlignmentTimer and pur-RSRP-ChangeThreshold IE can be optionally configured. Therefore, the above legacy Time Alignment validation criteria are still applicable to NGSO-based IoT NTN scenarios. There is no spec impact. 
However, the cell coverage of NGSO-based scenarios may move due to the orbital movement, an example of a single LEO 600 flyovers was given in R2-2107453 [3] as shown in Figure 1. The UE may change serving cells much more frequently than TN. The legacy PUR is configured on a per-cell basis for the corresponding UE. If the serving cell is changed, the PUR might be invalid. Generally, IoT devices have less frequent data transmission. Considering the limited flyover time in NGSO-based scenarios, there is the possibility that the IoT devices have no chance to use the PUR before changing the serving cell that configures the PUR. In this case, the configured PUR will be wasted. The non-continuous coverage cases for IoT NTN cases might be another issue worthy to consider in this scenario. 
Therefore, as the coverage time provided by NGSO-based NTN is limited from the perspective of a UE, i.e. less than 4.5 mins in LEO 600 scenario, supporting PUR will be beneficial for the IoT devices. However, potential enhancements, i.e. enabling the PUR in multiple cells, might be needed as the UE may change serving cell frequently. 
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[bookmark: _Ref100831433]Figure 1 flyovers of a single LEO 600 was given in R2-2107453[3]
Proposal 1 [bookmark: _Ref86257114]Support PUR for NGSO-based IoT NTN.  
Proposal 2 [bookmark: _Ref100838675]Potential enhancements might be needed to support PUR for NGSO-based IoT NTN, as the UE may change serving cell frequently. 
[bookmark: _Hlk77851147]BWP switching
In LEO scenario with earth-moving beams, the BWP switching is caused by the satellite movement itself, and the contribution of UE’s movement to the determination of the relative position between UE and the satellite can often be negligible. Once the UE’s initial position is communicated to the network, the BWP switching pattern can be predetermined. The BWPs in which the UE will operate can therefore be predicted based on time and location since the satellite movement is known.
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. BWP switching can be done via the DCI, MAC-CE or inactivity timer (bwp-InactivityTimer). 
It may be no longer feasible for the UE to fall back to the original BWP upon timer expiry in this scenario. 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 longer 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 beam failure may occur. 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.
In addition, gNB may instruct the UE to perform L1 RSRP measurement to assist the BWP switching. These aperiodic measurements may be configured for UEs which are due to switch their BWPs based on the time and location.
If all L1 measurement reports are to be sent to the gNB, these may be out of date due to the longer propagation delay in NTN. Therefore, the measurement reports may 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. 
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 timer-based BWP switching to a new default BWP.
Proposal 4 Support the L1 filtered measurement report as a notification to gNB for BWP switching.

Beam switching
Several options have been proposed for beam management in NTN making use of predictability of beam switching based on the 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. 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 UE is only provided a measurement threshold without a prioritized list or restricted list of candidate beams, 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 cause unnecessary beam switching. However, such undesirable results can be avoided with the help of assistance information by letting the UE know its candidate beam e.g. by indicating the candidate beams for switching to the UE in which case it will not switch to beam 2 since it is not in its candidate list. 
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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}
…
   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 may 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 not all measurement results are 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 target beams 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 5 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).

Conclusion 
From the discussion, we have the following observations and proposals: 
Proposal 1	Support PUR for NGSO-based IoT NTN.  
Proposal 2	Potential enhancements might be needed to support PUR for NGSO-based IoT NTN, as the UE may change serving cell frequently. 
Proposal 3	Support timer-based BWP switching to a new default BWP.
Proposal 4	Support the L1 filtered measurement report as a notification to gNB for BWP switching.
Proposal 5	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).
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