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1	Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the work item description is updated in [1]. An overview of 3GPP non-terrestrial networks can be found in [2] and an overview of state of the art in LEO satellite access can be found in [3].
One objective is to specify the following topics 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


In this contribution, we discuss these topics for NTN.
2	Beam management and BWP operation
In this section, we discuss the necessity of potential enhancement for beam management and BWP operation. 
To this end, it is necessary to first identify and clarify the underlying problem if any for this discussion. An overview of NR BWP can be found in [4]. 
2.1	Background for BWP and BM discussion in NTN 
During Rel-16 SI as well as Rel-17 WI for NR NTN, some enhancements for BWP and BM operation have been proposed. These enhancements are mainly motivated by the following considerations:
· Using L1 beam switching procedures for satellite service link switching, mainly for LEO satellite operation. The alternative here is to use handover procedures when UEs need to be switched to a new satellite. 
· Providing frequency reuse scheme for NTN deployment using NR BWP concept for multiple beams per cell layout and using BM for handling UE mobility within the same cell. The alternative solution is to use one beam per cell or handover procedures.
The main motivation and foreseen benefit, in both cases, are to reduce signalling overhead by using L1/L2 BM instead of L3 handover signalling and procedures.
There are two options for mapping the satellite beams and PCI for NTN:
· Option a: Multiple beams per PCI
· Option b: One beam per PCI
According to the current specifications, either of these options can be realized by implementation choice and no further specification effort is required.
[bookmark: _Toc83986716]Both multiple-beam and one-beam per PCI mapping schemes can be realized for NTN with current NR specifications without any enhancement.
[bookmark: _Hlk78381087]Among the issues identified at RAN1#104-e, after extensive discussions in last few meetings, two topics were considered as potential candidates for further discussion. These two issues are regarding the prediction-based gNB dominant BWP/beam switching for single or group of UEs, as well as intra- and inter-BWP beam measurements . We discuss these issues in the rest of this section.
At RAN1#106-e, the Moderator considered some topics to be less motivated, including service link switching, association between BWP and beam indices, and autonomous UE based beam switching, which were down prioritized in the last meeting. So, we do not elaborate on these issues in this section and refer interested readers to appendix A about our inputs.
2.2	Prediction-based gNB dominant BWP/beam switching
Although there are some merits in introducing prediction-based BWP/beam switching, in general, we believe that developing the concept is not very well motivated for the Rel-17 NTN WI due to the reasons we further elaborate in the following. 
First of all, measurement procedures are already defined to support gNB centric beam management and mobility decision. And gNB can already use implementation-based prediction to facilitate beam management decision. Thus, there is no need to specify any new procedure and signaling in this regard.
[bookmark: _Toc83986717]According to the current specification, gNB side predictions can already be used to facilitate beam management procedure.
Another aspect in the proposal may be to consider BWP and beam switching at the same time. It is not necessary to couple BWP switching and beam switching. When UE moves around and/or serving satellite/beam moves, it is not always necessary to switch the BWP upon beam switching or vice versa for mitigating interference and managing intra-cell UE mobility. The reason is that UE can still communicate via the same BWP even when switching to a new beam. Similarly, even if the UE switches the beam, the BWP is not necessarily required to be changed. This casts further doubt on the claim that BWP switching is predictable. In short, the predetermined BWP switching is against the dynamic and flexible scheduling principles. Therefore, the BWP/BM procedures including the BWP/beam switching should be performed dynamically with respect to UE position, interference level, channel condition, etc. 
[bookmark: _Toc83986718]BWP switching is not necessarily predictable. BWP/beam switching should be performed dynamically with respect to UE position, interference level, channel condition, etc.
One motivation for prediction-based beam switching is to tackle the frequent switching of satellite beams. However, it seems the scenario being considered here is related to the service link switching, and so far in this work item, the consensus is that this will be handled by mobility and specifically handover procedure. So, we would like to emphasize the distinction between service link switching and NR beam switching here.
[bookmark: _Toc83986719]The frequent satellite beam switching for earth fixed beams is mainly caused by service link switching, which is handled by handover and not by L1 beam switching.
Regarding performing the switching for group of UEs, we consider this scenario not representative for satellite communication. For earth fixed beam scenario, the beam/BWP switching also depends on the UE mobility and level of interference. Thus, it needs to be addressed for each UE separately and dynamically, based on the UE measurements and specific conditions. For earth moving beam scenario, the satellite beam moves gradually on the surface of earth and the switching points in time are different for different UEs, unless the UEs are in a close distance in relation with the beam edge, which is not predictable and not valid all the time. Therefore, the need of group switching of UEs is not motivated.
[bookmark: _Toc83986720]No clear scenario or evaluation has been provided to motivate the need for simultaneous beam switching of group of UEs.
In short, further scenarios or evaluations should be provided for introducing such enhancement. Based on the above discussion,: 
[bookmark: _Toc83986731]Regarding prediction based gNB dominant BWP/beam switching, the following aspects need to be studied first:
a) [bookmark: _Toc83986732]Whether any specification work is required for prediction-based beam switching at the gNB side.
b) [bookmark: _Toc83986733]Clarification of enhancements that address L1 beam switching compared to the enhancements of service link switching.
c) [bookmark: _Toc83986734]Detailed scenarios that prove the specific issues regarding the predictability of NTN beam switching that requires specification work.
d) [bookmark: _Toc83986735]Clear scenarios and evaluations (including agreed simulation assumptions) that support the need for simultaneous switching of group of UEs.
From the observations we provided so far, it is clear that introducing any prediction-based BWP/beam switching requires careful and detailed investigation. Given limited time left for Rel-17 work item, it appears difficult to complete such proper study. Therefore, we suggest that any prediction-based BWP/Beam switching be handled in the Rel-18 scope email discussion. 
[bookmark: _Toc83986736]Handle prediction-based BWP/beam management topic as part of the Rel-18 scope email discussion.
2.3	Intra- and inter-BWP beam measurements 
The Rel-15 beam management mechanism highly relies on UE measurements and reporting to help the gNB to determine and maintain suitable beam pairs between gNB and UE. In RAN1#105-e, the following proposal was made by the Moderator regarding enhancement on measurement and reporting for NR NTN and was further discussed in RAN1#106-e:
FL proposal DP3-1: 
For the deployment scenario with multiple beams per cell and frequency reuse >1, NR-NTN should support the following cases for beam measurement performed by a UE: 
· [bookmark: _Hlk78561055]Alt-1: support beam measurement on multiple RS associated with different beams within a same active BWP.
· Alt-2: support beam measurement on multiple RS associated with different beams within across BWPs.
Here, we would like to explain our interpretation about the different alternatives in the above proposal and discuss the necessity of introducing any enhancement. In idle/inactive mode, UE relies only on SSB for measurements. Different SSBs of the same cell share the same frequency in a TDM fashion. UE performs measurement on RSs within initial BWP before connection setup for beam determination and performing connection setup. So, the suggested enhancements in the DP3-1 do not concern idle/inactive mode. Therefore, in the following discussion we assume that UE is in connected mode. 
Our interpretation of the statement in Alt-1 is that UE should be able to perform measurements on RSs corresponding to all configured beams in a cell within the bandwidth of its active BWP. A consequence of this assumption is that UE does not need to perform BWP switching for measuring quality of any beam according to this proposal. 
In case of SSB beams, as mentioned before, all SSBs of the same serving cell are transmitted in a TDM fashion within the same frequency bandwidth. To fulfill the condition in the proposal, all the BWPs should contain the SSB frequency range of the corresponding serving cell. This is not in accordance with the FRF>1 scenario in NTN where the different BWPs are configured to be non-overlapping in frequency domain. One solution to this problem, based on current specification, is to configure non-cell defining SSBs within each BWP. However, this is not supported in the current specification for L1 measurement (although supported for L3 measurement). Also, this might be a considerable overhead for intra-cell L1 measurements (which can be justified for L3 based measurement). 
In case of CSI-RS, it is up to the gNB to configure the CSI-RS resources for all corresponding beams within each BWP. So, within each active BWP, UE can perform measurements on all beams. 
[bookmark: _Toc83986721]The “beam measurement on multiple RS associated with different beams within a same active BWP” is already supported by the specifications.
Our interpretation of the statement in Alt-2 is that UE should be able to perform measurements on all RSs corresponding to different beams across different BWPs (including within the BWPs outside its active BWP), without the need of switching its active BWP. This is not supported in current specification for L1 measurement. Since the BWPs are not overlapping in FRF>1 scenario, it may require configuring measurement gaps, for both CSI-RS and SSB. Since beam switching is based on L1 measurements, this requires specification changes. Therefore, we should compare the extent of overhead and efficiency of introducing gaps for L1 measurements with the BWP switching based method. Also, the extent of specification work should be evaluated, e.g., CSI-RS resource setting, report configuration, etc. 
[bookmark: _Toc83986722]The “beam measurement on multiple RS associated with different beams within across BWPs” is supported in the specifications by means of BWP switching between different BWPs. 
[bookmark: _Toc83986723]Measurements on multiple RS across BWPs without BWP switching is not an essential feature for realizing the FRF>1 scenario for NTN.
On additional issue with the proposal in Alt-2 is that, if introduced in Rel-17, beam measurement on multiple RSs associated with different beams within across BWPs will most likely will be an optional UE capability. Therefore, there would be some UEs that support this feature and some that do not support it. Then network cannot rely on the feature for deployment of multiple beams per cell with FRF>1, as network would need to tailor the deployment to the least capable UEs.
[bookmark: _Toc83986724]The feature of “beam measurement on multiple RS associated with different beams within across BWPs”, if introduced, mostly likely would be an optional UE capability. The network cannot rely on the feature for deployment of multiple beams per cell with FRF>1, as network would need to tailor the deployment to the least capable UEs.
Based on above discussion, we have the following proposal:
[bookmark: _Toc83986737]Regarding BWP measurement enhancements for NTN beam management, the following aspects need to be studied first:
a) [bookmark: _Toc83986738]The extent of specification impact that is required to introduce measurement gaps for L1 measurements should be evaluated.
b) [bookmark: _Toc83986739]Comparison between introducing measurement gaps for L1 measurements and utilizing BWP switching to perform the measurements.
c) [bookmark: _Toc83986740]UE capability for supporting L1 measurements outside active BWP
From the observations we provided so far, it is clear that introducing any BWP measurement enhancements for NTN beam management requires careful and detailed investigation. Given limited time left for Rel-17 work item, it appears difficult to complete such proper study. Therefore, we suggest that any BWP measurement enhancements for NTN beam management be handled in the Rel-18 scope email discussion. 
[bookmark: _Toc83986741]Handle BWP measurement enhancement topic for NTN beam management as part of the Rel-18 scope email discussion.
3	Signaling of polarization
At the last RAN1 meetings, the following agreements were made to support polarization signaling in NR NTN.
RAN1#102-e:
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 

RAN1#103-e:
Agreement:
Indication of polarization information for DL and UL by the network is supported. 
· FFS: Signaling details


RAN1#104-e:
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 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.

RAN1#105-e:
Agreement:
For explicit indication of polarization information for DL by the network, support indication in SIB
· FFS: Signaling details for indication in SIB

Agreement:
· Polarization information for UL may be indicated in SIB by the network
· UE assumes a same polarization for UL and DL, when the UL polarization information is absent.
· FFS: Signaling details for indication in SIB

RAN1#106-e:
Agreement:
When polarization signalling 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 signalling is per SSB

Most satellite networks make use of polarization. Right hand and left-hand circular polarizations (RHCP, LHCP) are popular choices as they travel unaffected through the atmosphere. It was observed in TR 38.821 that polarization can be used in cell planning as a tool to reduce inter-cell interference. It is also useful for supporting rank-2 MIMO, and for supporting co-existence in shared frequency bands. The last item is a highly relevant aspect due to the many plans to deploy mega NGSO constellations in shared Ka-, Ku- and V-bands. High profile constellations such as the one provided by Starlink will, e.g., make use of the same spectrum. Not only is the spectrum sharing important between these NGSO constellations, but it is also required between them and existing GEO deployments. ITU Recommendation ITU-R S.1431 provides methods to enhance sharing between NGSO FSS systems and, e.g., points out that two systems can share the same spectrum over the same geographical region by means of using different polarizations. Supporting such cases is important for NR NTN to be an attractive alternative for NGSO operators.
In pure LOS conditions, the satellite transmit polarization should be detectable by a UE with high precision. In theory it could be required that a UE detects the DL polarization and makes use of the same polarization in the uplink. In practice, however, there are cases where reflections in buildings, landscape and water will impair the polarization before it reaches the UE. Assume, e.g., that a satellite device receives a radio wave that was reflected in a window at the Brewster angle, at which the polarization component aligned with the direction of the wave cancels out. Even though the signal was circularly polarized at the transmitter, the receiving UE will only observe a linearly polarized wave, and it will be impossible for the UE to determine the polarization used by the satellite. To support a well-defined polarization both in the DL and the UL, we believe that the network should at least broadcast to the UEs the UL transmit polarization. With this signaling in place, we believe that it is reasonable to also support signaling of the transmit polarization used for the DL.   
[bookmark: _Toc83986725]In some cases, a UE cannot be expected to reliably detect the used DL polarization.
[bookmark: _Toc83986742]Support signaling that allows the gNB to configure a UE’s polarization modes including the UE’s receive polarization mode in the DL and the UE’s transmit polarization mode in the UL.
It is further expected that a mega NGSO constellation will be utilized to serve multiple types of devices such as reduced capability devices, normal handhelds, vehicular devices, fixed devices, among others. Some of these devices will use linear polarization, some will use circular polarization, and others may support both. For optimal performance, it will be necessary for network to know the polarization capability of these devices.
[bookmark: _Toc83986743]NTN UE should report its polarization capability (RHCP, LHCP, Linear) to the network.
Conclusion
In the previous sections, we discuss enhancements for NTN that fall in the category of “specify if beneficial and needed”. We made the following observations: 
Observation 1	Both multiple-beam and one-beam per PCI mapping schemes can be realized for NTN with current NR specifications without any enhancement.
Observation 2	According to the current specification, gNB side predictions can already be used to facilitate beam management procedure.
Observation 3	BWP switching is not necessarily predictable. BWP/beam switching should be performed dynamically with respect to UE position, interference level, channel condition, etc.
Observation 4	The frequent satellite beam switching for earth fixed beams is mainly caused by service link switching, which is handled by handover and not by L1 beam switching.
Observation 5	No clear scenario or evaluation has been provided to motivate the need for simultaneous beam switching of group of UEs.
Observation 6	The “beam measurement on multiple RS associated with different beams within a same active BWP” is already supported by the specifications.
Observation 7	The “beam measurement on multiple RS associated with different beams within across BWPs” is supported in the specifications by means of BWP switching between different BWPs.
Observation 8	Measurements on multiple RS across BWPs without BWP switching is not an essential feature for realizing the FRF>1 scenario for NTN.
Observation 9	The feature of “beam measurement on multiple RS associated with different beams within across BWPs”, if introduced, mostly likely would be an optional UE capability. The network cannot rely on the feature for deployment of multiple beams per cell with FRF>1, as network would need to tailor the deployment to the least capable UEs.
Observation 10	In some cases, a UE cannot be expected to reliably detect the used DL polarization.
Observation 11	Using BWP-BM association to enable a frequency reuse can already be supported by existing NR specification. It is a choice of network configuration and implementation.
Observation 12	Mapping between BWP index and beam (SSB) index is already supported by current specification.
Observation 13	BWP specific transmission of CORESET#0, SIB1 and SSBs requires significant specification effort. The actual effect is equivalent to 1-beam per cell scenario.
Observation 14	Complete autonomous UE based beam switching is against the level of control that network should have over the UE behavior.
Observation 15	Providing assistance information to UE for the UE autonomous beam/BWP switching imposes signaling overhead and introduces delay.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Regarding prediction based gNB dominant BWP/beam switching, the following aspects need to be studied first:
a)	Whether any specification work is required for prediction-based beam switching at the gNB side.
b)	Clarification of enhancements that address L1 beam switching compared to the enhancements of service link switching.
c)	Detailed scenarios that prove the specific issues regarding the predictability of NTN beam switching that requires specification work.
d)	Clear scenarios and evaluations (including agreed simulation assumptions) that support the need for simultaneous switching of group of UEs.
Proposal 2	Handle prediction-based BWP/beam management topic as part of the Rel-18 scope email discussion.
Proposal 3	Regarding BWP measurement enhancements for NTN beam management, the following aspects need to be studied first:
a)	The extent of specification impact that is required to introduce measurement gaps for L1 measurements should be evaluated.
b)	Comparison between introducing measurement gaps for L1 measurements and utilizing BWP switching to perform the measurements.
c)	UE capability for supporting L1 measurements outside active BWP
Proposal 4	Handle BWP measurement enhancement topic for NTN beam management as part of the Rel-18 scope email discussion.
Proposal 5	Support signaling that allows the gNB to configure a UE’s polarization modes including the UE’s receive polarization mode in the DL and the UE’s transmit polarization mode in the UL.
Proposal 6	NTN UE should report its polarization capability (RHCP, LHCP, Linear) to the network.
Proposal 7	A first satellite providing coverage before a service link switch should assist UEs in RRC connected with signaling of the ephemeris of the second satellite providing coverage after the switch.
Proposal 8	The NR network should be able to indicate the timing of the service link switch to UEs in RRC idle and RRC inactive modes.
Proposal 9	RAN1 to conclude that there is no specification change needed to support same beam layout in BWP#0 and BWP#x (Option 1) and hierarchical beam for BWP#0 (Option 2).
Proposal 10	Regarding UE Autonomous beam switching, the following aspects need to be studied first:
a)	Investigation of the needed assistance information and assessment of the amount of specification effort.
b)	The signaling overhead introduced by providing assistance information versus that of the current switching methods.
c)	The signaling delay introduced by providing assistance information versus that of the current switching methods.
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Appendix A
A.1	Service link switching using NR beam management
One of the two motivated use cases for BM/BWP related enhancements is service link switching. We discuss the necessity of utilizing NR BM framework for this issue in this subsection.
For LEO earth-fixed beams, NR needs to manage a frequent switching of the service link, from a first serving satellite to a second serving satellite. Since this switching of the service links associated with different satellites can occur as frequently as about once every 1-10 minutes depending on, e.g., target operational elevation angle, a solution for managing this scenario for UEs in RRC connected is required. To support this scenario, handover-based mobility management can be used. There are also proposals that NR beam management framework can be used to reduce the overhead associated with handover.
Satellite devices are in many cases equipped with highly directive beams with gains exceeding 40 dBi with 3-dB beam widths of around 1º. Due to this, it will be challenging for a satellite device to autonomously and rapidly detect reference signals, e.g., SSBs, from target satellite, and point its receive and transmit beam towards the new satellite. To facilitate the switch and find the new satellite, we believe that the network, i.e., source satellite, should indicate the ephemeris of the target satellite. If NR beam management framework can be used to support the switching of the service links associated with different satellites, the TCI state and spatial relations can then be associated with the satellite ephemeris.  
[bookmark: _Toc83986744]A first satellite providing coverage before a service link switch should assist UEs in RRC connected with signaling of the ephemeris of the second satellite providing coverage after the switch.
Finally, we believe that a UE should refrain from initiating an RRC connection towards a satellite that is just about to hand over its service link to a next satellite. Doing so may reduce unnecessary network signaling, reduce PRACH transmissions from UEs, and obviously eliminate the service link switch which may pose as a weak link in an RRC connection. To support this functionality, the network may indicate to the UEs in RRC idle that it will soon initiate a service link switch.
[bookmark: _Toc83986745]The NR network should be able to indicate the timing of the service link switch to UEs in RRC idle and RRC inactive modes.
A.2	Beam and BWP association for frequency reuse scenario
The other main BM/BWP related enhancement is providing Frequency Reuse Factor (FRF) larger than 1 within the same cell footprint for interference mitigation for NTN. In this case, each cell is divided into and covered with multiple beams and each beam is associated with a BWP. To realize the frequency reuse, neighbor beams are assigned with different BWP indices. Figure 1 illustrates an example deployment of this scenario where each cell is covered with 3 different beams.
[image: ]
Figure 1: Example of NTN frequency reuse deployment with multiple beams per PCI.
The detailed design of the BWP to beam association is being discussed. According to the RAN1#103-e FL summary [5], the proposals can be divided into four different options. In the following we discuss and provide our view on each option. 
Option-1: Same beam layout for BWP#0 and BWP#x
In this case, gNB configures BWP#0 and one BWP#x on each beam. Simultaneous transmission and reception can be expected from gNB perspective on both BWPs for different UEs. Transmissions in BWP#0 across different beams of the cell can be time multiplexed, as is built in the fundamental design of SSBs that are time multiplexed. In other words, the beam for transmitting BWP#0 can sweep over the area defining the cell comprising multiple beams. 
Option-2: Hierarchical beam layout for BWP#0 and BWP#x
In this case, BWP#0 acts as a cell-specific anchor beam covering the whole cell footprint, enabling initial access and broadcast transmission including SSB, SIB1, etc. However, for UEs in connected mode, the cell comprises multiple smaller spotbeams, each associated with a non-zero BWP#x for the transmission of dedicated signals and channels. This option is depicted in Figure 2.
[image: ]
Figure 2: An illustration of using BWP for frequency reuse with BWP#0 as anchor beam.
If the anchor beam covers the whole cell, this might limit the supported system capacity. Release 15 supports mobile terminated (MT) and mobile originated (MO) system access using the initial BWP#0. System access is already expected to pose a capacity bottleneck. Increasing the cell size will not improve the situation. It is of course possible to discuss an enabling of MT/MO access also for BWP#1-#3, but this will then raise new questions, e.g., on how idle mode mobility between these BWPs are to be supported.
It was mentioned that this scenario is one of the main deployment choices of existing satellite networks [5]. Similar to Option 1, this scenario can be realized using the current NR specification. It is up to network choice and implementation.
[bookmark: _Toc83986726]Using BWP-BM association to enable a frequency reuse can already be supported by existing NR specification. It is a choice of network configuration and implementation.
Option-3: Mapping between SSB index and BWP index
According to [5], the intention with this option is to have a predefined or configurable linking between SSB indices and BWP indices in the specification. Other than that, the operation appears not to be different from Options 1 and 2. 
Based on the description, the main point here is to define a linking between BWP index and beam index. However, this is already supported in existing specification. 
[bookmark: _Toc83986727]Mapping between BWP index and beam (SSB) index is already supported by current specification.
Option-4: SSB transmission in beam-specific initial BWP
In this case, the transmissions of CORESET#0, Type-0 CSS and SIB1 are carried out in each different BWP, potentially with or without frequency division multiplexed transmission of SSBs. This contrasts with current NR specification where they are transmitted within BWP#0.
This option is a significant deviation from the fundamental access design in Rel-15 NR. It requires considerable amount of specification effort and the actual effect of this option is almost equivalent to 1-beam per cell setup, that is, each beam becomes almost like a cell. 
[bookmark: _Toc83986728]BWP specific transmission of CORESET#0, SIB1 and SSBs requires significant specification effort. The actual effect is equivalent to 1-beam per cell scenario. 
In RAN1#105-e, the following agreement was made.
Agreement:
Same beam layout in BWP#0 and BWP#x (Option 1) and hierarchical beam for BWP#0 (Option 2) should be supported by the specifications for NR-NTN.
· FFS: Whether any specification changes are needed specifically to support this functionality

Based on our analysis in this section, we can see that there is no specification change needed to support this functionality.
[bookmark: _Toc83986746]RAN1 to conclude that there is no specification change needed to support same beam layout in BWP#0 and BWP#x (Option 1) and hierarchical beam for BWP#0 (Option 2).
A.3 UE Autonomous beam switching
In case of UE autonomous switching, we should notice that UE cannot perform completely autonomous beam switching outside gNB’s control. It is gNB that should dictate and allocate the resources among the UEs within the cell.
[bookmark: _Toc83986729]Complete autonomous UE based beam switching is against the level of control that network should have over the UE behavior.
One might consider reducing signaling overhead and latency by providing UE with assistance information. But there is also much signaling imposed by providing the extra assistance information to the UE. Also, providing this information is not one time job but requires continuous updates, resulting in some delay to the procedure. Therefore, a thorough study needs to be done to assess whether the new delay and signaling overhead introduced by providing assistance information to the UE justifies introducing UE autonomous beam/BWP switching enhancement or not.
[bookmark: _Toc83986730]Providing assistance information to UE for the UE autonomous beam/BWP switching imposes signaling overhead and introduces delay.  
Based on above discussion, we have the following proposal:
[bookmark: _Toc83986747]Regarding UE Autonomous beam switching, the following aspects need to be studied first:
a) [bookmark: _Toc83986748]Investigation of the needed assistance information and assessment of the amount of specification effort.
b) [bookmark: _Toc83986749]The signaling overhead introduced by providing assistance information versus that of the current switching methods. 
c) [bookmark: _Toc83986750]The signaling delay introduced by providing assistance information versus that of the current switching methods.
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