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At RAN#86 meeting in Sitges, Spain, a new WI “Solutions for NR to support non-terrestrial networks (NTN)” [1] was agreed with the aim to specify the enhancements identified for NR NTN. The WID objectives for RAN1 are recalled hereafter:
	The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (High Altitude Platform Station) and ATG (Air to Ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
The detailed objectives for RAN1 are to specify enhancing features to Rel-15 & Rel-16’s NR radio interface & NG-RAN as follows:
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 [2]):
· 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



On the Beam management enhancement for NTN, the following agreement achieved during RAN1 Meeting #102-e is recalled hereafter:
	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




On the polarization indication in NTN, the following agreement achieved during RAN1 Meeting #103-e is recalled hereafter:
	Agreement:
Indication of polarization information for DL and UL by the network is supported. 
· FFS: Signaling details




This contribution discusses the Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse, including signalling of polarization mode
All observations and proposals are summarized in Section 4.
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Overview
Apart from to the enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the WID [1] includes a topic about beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse, including signalling of polarization mode. In this section, we discuss thefrequency reuse schemes that can be used in NTN to increase the SINR and enhance the spectral efficiency. These include; the traditional frequency reuse, polarization re-use scheme and a Flexible Frequency Reuse based on Bandwidth Part. We discuss also in this section the cell and NR beams to satellite beams mapping as well as the potential usage of the beam management in NTN context.
Spatial Frequency Reuse
In NR NTN, to mitigate inter-cell/beam co-channel interference, which limits the UE’s throughput, Frequency reuse schemes (Frequency reuse factor, FRF > 1) have been proposed. 
Spatial Frequency reuse techniques improve the SINR but inherently limit the per-beam bandwidth and the system capacity. The traditional Frequency Reuse-3 (FRF-3) scheme, for example, offers a protection against inter-cell interference. However, only a third of the spectral resources are used within each cell.
In S-band for example, in case of full frequency reuse (FRF=1), each cell is configured with a bandwidth of 30MHz, while in case of FRF-3, each cell is configured with a bandwidth of 10MHz as the system bandwidth is divided into the three neighboring cells to decrease interference.
[image: ]
Figure 1 Frequency Reuse (FRF-3) and Full Frequency reuse (FRF-1)

Conducted NTN System level simulations have shown potential gains of FRF-3 scheme. Considering a LEO-1200 S-Band scenario, the SLS results provided in [11] and displayed in the Figure 14 , show that for 100% RU (Resource Usage) the majority (more than 80%) of the UEs experience a higher throughput for the case with FRF-3 than for the case with full frequency reuse.
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[bookmark: _Ref47366960]Figure 2 FRF 1 and FRF 3 comparison
The FRF-3 improves the overall SINR but the available cell channel bandwidth is to be divided by a factor of 3; thus, reducing the cell capacity.  
Observation 1 For loaded cells, Frequency Reuse schemes are needed to mitigate the inter-cell/inter-beam interference and improve the overall SINR
Observation 2 Spatial Frequency reuse schemes reduce significantly the inter-beam Co-channel interference but inherently limiting the per-beam bandwidth and the system capacity
In NTN, one component carrier (CC) supports a scalable bandwidth, 5, 10, 15, 20, 25, and 30 MHz for frequency range FR1, and a scalable bandwidth, 50, 100, 200, 400MHz for frequency range FR2, as shown in Table 8 .
Furthermore, a CC is associated with various RF Requirements (out-of-band emission..) which may reduce the system frequency bandwidth. with guard band ratio from 20% to 2% in FR1 and with guard band ratio from 8% to 5% in FR2.

Table 1 Supported NR NTN carrier bandwidths and transmission bandwidth configuration
	FR1
	SCS
(kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz

	
	15
	25
	52
	79
	106
	133
	160

	
	
	4.50 MHz
	9.36 MHz
	14.22 MHz
	19.08 MHz
	23.94 MHz
	28.8

	
	30
	11
	24
	38
	51
	65
	78

	
	
	3.96 MHz
	8.64 MHz
	13.68 MHz
	18.36 MHz
	23.40 MHz
	28.08

	
	60
	N/A
	11
	18
	24
	31
	38

	
	
	N.A
	7.92 MHz
	12.96 MHz
	17.28 MHz
	22.32 MHz
	27.36



	FR2
	SCS
(kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	60
	66
	132
	264
	N.A

	
	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	N/A

	
	120
	32
	66
	132
	264

	
	
	46.08 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz



The bandwidth per cell must be adapted based on the frequency factor and the polarization re-use option considered. Considering the supported NR NTN carrier bandwidths, given in Table 8 , and depending on the available system frequency bandwidth, not all CC bandwidth could be used with a given FRF, specifically if the CCs allocated for different neighbor cells should have the same bandwidth. 
Furthermore, for more flexibility, the BWP can be used to replace component carrier (CC) as will be discussed in an upcoming clause.
Proposal 1 To increase the per-beam bandwidth while ensuring excellent interference isolation between beams, other frequency separation techniques such as polarization re-use scheme should be considered
Polarization re-use support
Traditional frequency reuse though simple in implementation is suffering from quite reduced spectral efficiency. To increase the per-beam bandwidth while ensuring excellent interference isolation between beams, polarization re-use scheme can be used together with frequency reuse as shown on the figure 15: Neighboring cells use different polarization modes to mitigate inter-cell interference: e.g. Right-Hand-Circular (RHC) which follows a clockwise pattern, and Left-Hand-Circular (LHC) which follows a counterclockwise pattern.
NTN should support UEs with circularly polarized antennas and polarization re-use schemes.To prevent depolarization loss in case of UE with only linear polarization capability, a combination of the two Rx branches in the UE may be used in the downlink, and the satellite reception may implement dual polarization per beam in the uplink.
Proposal 2 NTN should support co-existence of UEs with circularly polarized antennas and linearly polarized antennas on both S-band and Ka-band
[image: ]
Figure 2 Polarization re-use scheme used together with frequency reuse

Additionally, there are other advantages of circular polarization such as its robustness against the Faraday effect which affects linear polarization especially at lower frequencies and it is more resistant to signal degradation due to atmospheric conditions. 
More importantly, circular polarization can be used to increase the cell capacity: Both directions (RHC and LHC) can be used simultaneously on the same PRBs. 
Observation 3 Circular polarization can be used to double the cell capacity 
Beam Management and BWP support
Definitions
· Beam: A beam is the main lobe of the radiation pattern of an antenna array
· Antenna port: 
· As per [7] an antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed.
· Simply put, it is a logical entity distinguished by a separate Reference Signal sequence
· Satellite beam: a beam created by Satellite Active Antenna System. A satellite beam may not be identified by the UE
· NR beam: a beam which is associated with an antenna port/CSI Reference signal. It can be identified by the UE
NR Beams and NR Cell to Satellite beams mapping
NR Beamforming needs channel knowledge at the transmitter. Regular beam management operations are based on the control messages which are periodically exchanged between the gNB and the UE. 
In NTN, it will be challenging to implement an optimal and dynamic/fast beamforming towards the users. There are different reasons for that: FDD is assumed for core specification work for NR-NTN. As in FDD there is no channel reciprocity, channel information cannot be obtained from UL Sounding Reference Signals (SRS). Also, the propagation delay in NTN may impact the validity of L1 beam measurement. Furthermore, the generated satellite beams are with a large size (tens or maybe hundreds of Km). 

Observation 4 In NTN it might be challenging to implement an optimal and dynamic/fast beamforming towards the users
Therefore, a different approach should be taken in NTN: the gNB should operates on a set of predefined satellite beams in UL and DL. For Earth fixed beam scenario: Beams are static and do not move (from UE perspective) but beams should be steered to cover Earth fixed cell area. In case of LEO based Earth moving cells, the satellite beams are moving on the ground and the Users are jumping from beam to beam. 
From our perspective, there are mainly 3 options which can be considered for the mapping of NR beams and NR cells to the satellite beams:

1 Option 1; Single NR cell per satellite beam and single NR beam cell:  
Option (1) which might be considered as a baseline consist in one-to-one mapping of NR cells to Satellite beams. In option 1, the NR beamforming is not used; the cells are single NR beam cells. NR Beam management operation is not needed.
[image: ]
Figure 3 Single NR cell per satellite beam and single NR beam cell
Observation 5 Option (1) Single NR cell per satellite beam and single NR beam cell can be used as a baseline. With this option NR Beam management operation is not needed
2 Option 2; Multi-Satellite beam NR cell and single NR beam cell: Cell splitting  

In Option (2), two or more satellite beams are used for the same PCI. But, NR beamforming is not used. This option can be useful to split the NR cell across several satellite beams (to extend cell coverage). Regular beam management operation (beam Indication, beam measurements and reporting, beam recovery, tracking and refinement)  is not used. The  beam level mobility is not needed for the UE mobility within the cell. 
[image: ]
Figure 4 Multi-Satellite beam NR cell and single NR beam cell: Cell splitting
3 Option 3; Multi-Satellite beam cell and multi NR beam cell:  

Option (3) corresponds to a multi-NR beam cell: multiple NR beams per NR cell (typically 4 NR beams/cell in Frequency Range 1). With this option, the same cell (PCI) is mapped to two or more satellite beams. Each NR beam is transmitted using a satellite beam or multiple satellite beams. Option (3) is to be used with beam management operation. 

[image: ]
Figure 5 Multi-Satellite beam cell and multi NR beam cell


Observation 6 The minimum size of NR beam is the satellite beam size
NR Beam Management in NTN
The Release-15/16 beam management is to be considered as baseline for 5G NTN.
The beam management will be used with the option (3) described above. Beam level mobility is to be used to control the UE connected mode mobility instead of Handover procedure. This is mainly beneficial in case of Earth moving cell as shown in Figure 19 . As beam level mobility does not require explicit RRC signalling to be triggered - it is dealt with at lower layers and RRC is not required to know  which beam is being used at a given point in time. Thus, the UE moves inside the cell, handled by beam management without extra RRC signalling overhead.
Observation 7 Beam management can be beneficial in case of multi-beam moving cell
[image: ]
Figure 6 Multi-beam cell: 4 Beams per cell

However, in NTN, when we use several beams per cell (option 3 described above), we increase ipso facto the cell size. Therefore, cell air-interface capacity limit should be taken into account. We believe that deploying multi-beam cell and using beam management will not be applicable to all NTN deployment scenarios. 

For example, let’s consider a LEO scenario at 600Km, for which a typical beam is circular at nadir with a beam size of 60Km and becomes an ellipse with a size of 60Km by 175km at the edge of the coverage; The beam size depends on the satellite antenna size, the satellite altitude and it stretch as a function of elevation angle. 
The traffic model given in Table B.2-1 [6] has been considered assuming only pedestrian usage scenario: Overall UE density: is fixed at 100 UE per km2 and the percentage value of the amount of simultaneous active users at 1.5 %.

When we compute the number of connected users per cell, we can see that a high number of users need to be served simultaneously in case of a multi-beam cell. Which might not be possible because of limited cell capacity, particularly in FR1.


Table 2 Multi satellite beam cell : 4 beams per cell
	Beam range (km)
	beam area (Km^2)
	#Connected UE/beam
	#Connected UE/cell
(4 beams per cell)

	
	
	
	

	
	
	
	

	60Km at  nadir
	2827
	4241
	16964

	At EoC Ellipse 60Km by 175km
	8246
	12370
	49480



Observation 8 Deploying multi-beam cell and using beam management will not be applicable to all NTN deployment scenarios
Flexible Frequency Reuse based on Bandwidth Part
For a Flexible Frequency Reuse, a beam-specific BWP (BBWP) can be configured. The objective is to replace the component carrier (CC) which is not as flexible as a BWP is. The same component carrier  is used on all cells but each beam will be assigned a beam-specific BWP. The inter-beam interference mitigation will be based on  BBWP following a frequency reuse scheme. The Figure 20 shows a flexible frequency reuse based on BBWP reuse. In the proposed solution, the multi-beam cell (option 3) and beam management are assumed. But, as discussed in 4.4.3, deploying multi-beam cell and using beam management will not be applicable to all NTN deployment scenarios.
Basically, Bandwidth parts (BWP) are used to optimize UE operations in frequency domain, whereas the BBWP will be used to support flexible frequency reuse. The beam-specific BWP (BBWP) similar to UE’s dedicated BWPs should be configured independently (from UE’s dedicated BWPs) by network via dedicated RRC signalling. For the configuration of BBWP, the same configuration parameters will be used: starting position, size and the subcarrier spacing. But we need to add an indication of the associated beam: a beam-index (CSI-RS associated with the beam).
When a flexible frequency reuse based on BBWP is to be deployed, an a-priori BBWP planning can be used to allocate the BWP to each beam. Or a dynamic allocation can be performed by the gNB to configure beam-specific BWP based on the traffic distribution between the beams within the cell. Interference coordination may be required between the gNodeBs
Observation 9 In the proposed solution, an a-priori BBWP planning can be used to allocate the BWP to each beam. Or a dynamic allocation can be performed by the gNB to configure beam-specific BWP based on the traffic distribution between the beams within the cell
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Figure 7 Flexible Frequency Reuse using BWP
To support beam-specific BWP, the Release-15/16 BWP operation is to be considered as baseline for 5G NTN. Nevertheless, some enhancements are needed. The required enhancements and their justifications are as follows:
· The new BBWP should be introduced on top of existing UE specific BWP. Indeed, the main usage of the BWP as per Release 15, is to restrict the bandwidth according to UE capabilities, optimize UE operations in frequency domain and dynamically reduce or increase bandwidth according to traffic amount so as to optimize UE power consumption. All these usages of Rel.15 BWP are still valid and we should be able to have the same usage of BWP as before.
· The UE should be configured with as many BBWP as the number of beams within the cell. But, in the current specification, a UE can be configured with up to four bandwidth parts in the downlink and up to four bandwidth parts in the uplink. Therefore, the maximum number of BBWP an NTN UE can be configured with should be only limited by the number of the beams within the cell.
· The UE is not expected to receive CSI-RS outside an active bandwidth part. If BBWP operation is introduced, the UE should be able to perform inter-beam measurements outside its active BWP
· CSI-RS based inter-beam measurement is to be supported in the same manner as the existing CSI-RS based inter-frequency measurement, provided the bandwidth of the CSI-RS resource on the neighbour beam configured for measurement is not within the bandwidth of the CSI-RS resource on the serving beam configured for measurement, or the subcarrier spacing of the two CSI-RS resources is different. The UE cannot be assumed to be able to carry out such measurements without measurement gaps. a measurement gap-assisted configuration is to be provided
· For BBWP, Beam Level Mobility can only be performed based on CSI-RS.
Proposal 3 The new beam-specific BWP (BBWP) concept should be introduced on top of existing UE specific BWP
Proposal 4 The new beam-specific BWP (BBWP) should reuse Release-15/16 BWP operation procedures with the enhancements provided in this TDOC  
· Regarding BBWP Operation: In the current specifications, 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. Initial-active UL BWP #0: is configured by SIB1 for random access procedure. Initial BWP is compatible with all UE categories and can be used by any UE within the cell before it is reconfigured with BBWP associated to the beam in which the UE is located. Therefore, the size of the common Initial-active BWP should be designed carefully to avoid any congestion and blocking within the cell.  
Observation 10 The size of the common Initial-active BWP should be defined carefully to avoid any congestion and blocking within the cell   
· In Connected state, BWP adaptation/switching is based on the Bandwidth part indicator in the DCI.  BBWP switching should be handled by beam management indication which relies on gNB controlled means to determine and select used beams. BBWP switching is illustrated on the protocol flow below. MAC CE transmission configuration indication can be used to indicate and update serving beam and implicitly the BBWP. We do not need to use UE bandwidth part adaptation which use bandwidth part indicator on the DCI, because this should be used only for UE’s dedicated BWPs adaptation as per Release 15/16. We do not need to increase the maximum  number of BWP the UE can be configured with That is the Bandwidth part indicator field on DCI should be unchanged.
Proposal 5 Bandwidth part indicator field on DCI should be unchanged
Proposal 6 MAC CE transmission configuration indication (MAC CE TCI) can be used to indicate and update serving beam and implicitly the BBWP
[image: ]
Figure 8 BBWP change indication, based on TCI
[bookmark: _Ref47452221]Conclusion
Observation 1	For loaded cells, Frequency Reuse schemes are needed to mitigate the inter-cell/inter-beam interference and improve the overall SINR
Observation 2	Spatial Frequency reuse schemes reduce significantly the inter-beam Co-channel interference but inherently limiting the per-beam bandwidth and the system capacity
Proposal 1	To increase the per-beam bandwidth while ensuring excellent interference isolation between beams, other frequency separation techniques such as polarization re-use scheme should be considered
Observation 3	Circular polarization can be used to double the cell capacity
Observation 4	In NTN it might be challenging to implement an optimal and dynamic/fast beamforming towards the users
Observation 5	Option (1) Single NR cell per satellite beam and single NR beam cell can be used as a baseline. With this option NR Beam management operation is not needed
Observation 6	The minimum size of NR beam is the satellite beam’s size
Observation 7	Beam management can be beneficial in case of multi-beam moving cell
Observation 8	Deploying multi-beam cell and using beam management will not be applicable to all NTN deployment scenarios
Observation 9	In the proposed solution, an a-priori BBWP planning can be used to allocate the BWP to each beam. Or a dynamic allocation can be performed by the gNB to configure beam-specific BWP based on the traffic distribution between the beams within the cell
Proposal 3	The new beam-specific BWP (BBWP) concept should be introduced on top of existing UE specific BWP
Proposal 4	The new beam-specific BWP (BBWP) should reuse Release-15/16 BWP operation procedures with the enhancements provided in this TDOC  
Observation 10	The size of the common Initial-active BWP should be defined carefully to avoid any congestion and blocking within the cell   
Proposal 5	Bandwidth part indicator field on DCI should be unchanged
Proposal 6	MAC CE transmission configuration indication (MAC CE TCI) can be used to indicate and update serving beam and implicitly the BBWP
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