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Introduction
In RAN#86, a new work item titled “solutions for NR to support non-terrestrial networks” was approved, including the following statement about the objectives of the work item for RAN1 [1]:
In addition, the following topics should be specified if beneficial and needed
· …
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode

During the study item phase, regarding the mapping from satellite beams to cells, two options are identified [2]:
· Option a) A same cell (or a same Physical Cell Identity (PCI)) for several beams
· Option b) One cell (or one PCI) per beam

In addition, one cell (PCI) can have a maximum of L SSB beams, where L can be 4, 8 or 64 depending on the band.
[bookmark: _Ref473802466][bookmark: _Ref462669569]In this document, we propose and explain the BWP, SSB and other aspects that need to be prioritized in RAN1. 
Discussions
Cell/beam/frequency planning
A satellite may use multiple antennas to form multiple satellite beams. Among the satellite beams of a satellite, frequency reuse factors less than 1 have been shown to provide significant gain in link budget [2]. Hence, beams of a satellite may use different frequency intervals. If a cell consists of multiple satellite beams with different frequency intervals, it is natural to associate a bandwidth part (BWP) with each of the frequency intervals. Also, a BWP configuration comes with other configurations essential to the operation of the network. For example, a DL BWP configuration also contains configurations about CORESETs and search spaces.
Four options for cell/beam/frequency planning are shown in Figure 1, where Opt 1 is one-beam-per-cell and is identical to Option b) in [2], and Opt 2 (beams on the same BWP grouped as a cell), Opt 3 (beams in proximity grouped as a cell) and Opt 4 (all beams grouped as a cell) are multiple-beams-per-cell and belong to Option a) in [2]. Note that frequency reuse is applied in all options. These options have their respective pros and cons.  For example, Opt 1 can be readily supported with the current specifications, but the UE will experience frequent cell handover in cases of moving cells with LEO satellites, which is expensive in terms of signaling overhead. Opt 4 can minimize cell handover but needs changes to the specifications on BWPs and beam management. 
Observation 1: Different options for cell/beam/frequency planning call for flexible standard design. 
Cell/beam/frequency planning Opt 1 is supported by the current NR specification. Opt 4 is the building block for both Opt 2 and Opt 3, and hence we will focus on Opt 4 in the remainder of the document.    


[bookmark: _Hlk47392636]Figure 1. Options for cell/beam/frequency planning among the beams from a same satellite 

Proposal 1: Support both one-beam-per-cell mapping and multiple-beams-per cell mapping.
In order to support frequency reuse of factor less than 1, different satellite beams must be allowed to have different associated BWPs, such as initial BWPs.
Proposal 2: Support satellite beam specific initial BWPs. 
For Rel-17, it is important to support diverse satellite implementation options and hence it is necessary to support flexible design of SSB arrangements and BWP operations. To avoid backward compatibility issue in the future, it is important to ensure flexible design in the first release of NTN specification.
Proposal 3: 3GPP RAN1 to have an agenda item dedicated to SSB arrangements and BWP operation.
SSB arrangements
The SSB arrangement for Opt 1 of cell/beam/frequency planning is trivial, because there is only one beam within each cell. We focus on the SSB arrangement for Opt 4, which is the basis for both Opt 2 and Opt 3. The SSB transmissions in a cell may be arranged such that they occupy a same frequency interval (Alt 1), or they are within the BWPs of their respective satellite beams (Alt 2), as shown in Figure 2. 
Alt 1: All SSB transmissions in a cell occupy a same frequency interval (which may be fully contained in a BWP or straddle two BWPs) 
· Pros: there is a smaller number of potential SSB frequencies for the UE to search for, and they can be placed in a sparse synch raster, which reduces initial access time
· Cons: A satellite beam needs to be tuned from the BWP that it uses for data communication to the same SSB frequency periodically. This may increase the hardware complexity of the satellite.

Alt 2: The SSB transmission in a satellite beam of a cell is within the BWP associated with the satellite beam
· Pros: A satellite beam does not need to tune away from its BWP to transmit an SSB, and this avoids the increase in hardware complexity.
· Cons: The number of SSB frequencies will be larger than in Alt 1, and the SSB frequencies need to be placed on a dense synch raster, leading to an increase in the initial access time.

 
Figure 2. SSB arrangements in time and frequency: Alt 1: SSBs are in a same frequency interval, and Alt 2: SSBs are within respective BWPs.

Proposal 4: Support the following SSB arrangements
· Alt 1: SSBs of all satellite beams in a same cell are transmitted within a same frequency interval and do not overlap in time
· Alt 2: SSBs of a cell are transmitted in different frequency interval, i.e., within their respective BWPs.
Enhancements on signalling  
Each satellite beam may have its unique configuration that can be broadcasted as system information. For example, the frequency pre-compensation and the timing parameter Koffset [2] may be beam specific and can be broadcast in a SIB for the purpose of efficiency. 
Proposal 5: Support broadcasting of beam-specific system information. 
We fist consider SSB arrangement Alt1 (SSBs are in a same frequency interval or BWP). In Design 1, as shown in Figure 3, the SSBs are identical (except for the SFN and SSB index), and the configurations of CORESET#0 (and search space zero) in the MIB are the same.  The CORESET#0 leads to the same SIB1 transmission, which provides the initial DL BWP and the initial UL BWP for each of the satellite beams. In Design 2, as shown in Figure 3, the SSBs differ in not only SFN and SSB index but also CORESET#0 configuration. These different CORESET#0 configurations lead the UEs to the CORESET#0’s associated with the respective satellite beams. A PDCCH determined by a CORESET#0 (and search space zero) then schedules a SIB1 transmission, which signals to the UEs the configuration for the initial DL BWP and the initial UL BWP for the satellite beam that transmits the SIB1. The SIB1 transmission may also convey the configuration for the initial DL BWPs and initial UL BWPs, and the CORESET#0’s for other satellite beams. This information is important for mobility handling later on, and it is efficient to broadcast it as system information.      
Design 1 allows for soft combining in decoding the MIB in the SSBs for improved decoding performance. Design 2 transmits a generally smaller amount of information in the SIB1 message to each UE which allows for improved efficiency. 


Figure 3. Design options for beam-specific configurations for SSB arrangement Alt 1: Design 1, satellite beams are separate in frequency starting from initial BWPs. Design 2, satellite beams are separate in frequency starting from CORSET 0. 
[bookmark: _Hlk47715578]Proposal 6: For multiple SSBs transmitted in the same frequency, support different initial BWPs for the SSBs and down select among the following design options:
· Design 1:  Corset 0’s of the SSBs can occupy different frequency intervals.
· Design 2: CORSET 0’s and SIB1’s of the SSBs are in the same frequency interval. 

Below, we discuss how to enable beam-specific initial BWPs after initial access. We now consider SSB arrangement Alt 2 (SSBs are in different BWPs). As shown in Figure 4, the SSBs are transmitted in different BWPs and the UE can follow the procedure in the existing NR specification to decode the SSB, extract the configuration on CORESET#0 (and search space zero) for its associated satellite beam, decode the PDCCH and receive the SIB1 transmission, which carries not only the configuration for the initial DL BWP and initial UL BWP for the associated satellite beam, but also the initial DL BWPs and initial UL BWPs, and the CORESET#0’s for other satellite beams.


Figure 4. Design for beam-specific configurations for SSB arrangement Alt 2 (SSBs are in different BWPs): signaling the configurations for initial DL and UL BWPs of all satellite beams and the configuration for CORESET#0’s of other satellite beams. 
The signalling design must support both of the SSB arrangements. In order for efficient beam switching with reduced signalling overhead, all relevant information including initial DL and UL BWP for the satellite beams are to be made available to all UEs, regardless of the SSB arrangement (Alt 1 or Alt2). 
[bookmark: _Hlk47638176]Proposal 7: Support signalling of the configuration of initial BWPs and CORSET#0 for satellite beams other than the serving satellite beam. 

Efficient BWP switching
High beam mobility, especially in the case of LEO satellites, leads to frequent BWP switching given the association between BWPs and satellite beams. BWP switching may be done via DCI, MAC CE or RRC. It is important to make BWP switching efficient. Also, a large number of BWPs may be involved in the UE mobility and each BWP configuration contains many aspects including frequency location and bandwidth, subcarrier spacing, CP duration, CORESETs (for DL), search spaces (for DL), cell-specific PUCCH resources (for UL) and PUSCH (for UL). Therefore, it is important to make the signaling of BWP configuration efficient. This is possible, because BWPs from the same satellite may provide similar services to areas of proximity, which may lead to a lot of similarity in the BWP configurations. For example, the BWPs may have the same subcarrier spacing and the same CP duration, and when configuring a BWP, these parameters do not need to be signaled. 
[bookmark: _Hlk47638234]Proposal 8: Consider BWP switching schemes to support efficient satellite beam switch. 
Proposal 9: Consider efficient signalling of BWP configurations.  
To help the network decide on the best BWP or satellite beam for a UE to switch to, it is important that the UE measures the quality of its current serving satellite beam and neighboring satellite beams and reports the measurements back to the network. Because the measurement generally takes place in a BWP that is different from the BWP of the current serving satellite beam, extra time is needed for frequency retuning and preparation for the frequency compensation and it is beneficial to minimize the measurement overhead. Also, the reporting mechanisms should be optimized to reduce the amount of traffic that needs to be sent to the network.
[bookmark: _Hlk47638264]Proposal 10: Consider enhancements on the beam measurement and reporting to support efficient switching between satellite beams using different frequency. 
Synch raster
The synch raster defines the allowed center frequencies for the SSBs, which a UE tries to detect during initial access. An important performance metric for initial access is the delay. For NTN, the synch raster does not have to be the same as the one in the terrestrial case. For example, the step size can be greater than that in the terrestrial network. 
[bookmark: _Hlk47638296]Proposal 11: Consider synch raster design to reduce initial access time. 
Different SIBs based on system information updating rate 
For an NTN cell, some system information may change faster than other system information. For example, the frequency pre-compensation may change faster than the PCID. The former may change every time the UE is covered by a new satellite beam from the same cell, while the latter does not change unless the UE is out of the coverage of any of the satellite beams from the same cell. Different required updating rates should be considered, and different SIBs need to be designed accordingly. 
[bookmark: _Hlk47638307]Proposal 12: Consider designing different SIBs based on the system information updating rate.

Reduced MCS for power limited PUSCH transmission
The large propagation delay in NTN makes it difficult to do fast link adaptation. This could cause long bursts of errors if the channel quality suddenly degrades. For the UL transmission, the closed-loop power control command may be outdated due to large delay and a sudden channel degradation caused by shadowing can be mitigated by UL transmit power control based on the DL path loss estimation. However, UL power control on the PUSCH may be infeasible if the UE has already reached the maximum transmit power. One potential solution is to allow the network to configure a number of reduced (or fallback) MCS’s and let a UE choose a reduced MCS that compensates for the sudden degradation on the link quality.
[bookmark: _Hlk47638319]Proposal 13: Support autonomous reduction of MCS for PUSCH at least for cases when UE is power limited
· Study the exact triggering condition and indication of the reduced MCS
Conclusions
In this contribution, we have discussed the bandwidth parts and SSB arrangement for NTN. The following proposals have been developed, and observations have been made:
Observation 1: Different options for cell/beam/frequency planning call for flexible standard design. 
Proposal 1: Support both one-beam-per-cell mapping and multiple-beams-per cell mapping.
Proposal 2: Support satellite beam specific initial BWPs. 
Proposal 3: 3GPP RAN1 to have an agenda item dedicated to SSB arrangements and BWP operation.
Proposal 4: Support the following SSB arrangements
· Alt 1: SSBs of all satellite beams in a same cell are transmitted within a same frequency interval and do not overlap in time
· Alt 2: SSBs of a cell are transmitted in different frequency interval, i.e., within their respective BWPs.

Proposal 5: Support broadcasting of beam-specific system information. 
Proposal 6: For the case when SSBs are transmitted in the same frequency interval, down select among the following design options for beam-specific configurations:
· Design 1: CORESET#0’s, SIB1’s associated with all satellite beams are in the same frequency interval but initial DL and UL BWPs may not.
· Design 2: CORESET#0’s of different satellite beams may have different frequency intervals. 
[bookmark: _GoBack]
Proposal 7: Support signalling of the configuration of initial BWPs and CORSET#0 for satellite beams other than the serving satellite beam. 
Proposal 8: Consider BWP switching schemes to support efficient satellite beam switch. 
Proposal 9: Consider efficient signalling of BWP configurations.  
Proposal 10: Consider enhancements on  the beam measurement and reporting to support efficient switching between satellite beams using different frequency. 
Proposal 11: Consider synch raster design to reduce initial access time. 
Proposal 12: Consider designing different SIBs based on the system information updating rate.
Proposal 13: Support autonomous reduction of MCS for PUSCH at least for cases when UE is power limited
· Study the exact triggering condition and indication of the reduced MCS
[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References	
[1] [bookmark: _Hlk24117808][bookmark: _Ref461383190]RP-193234, “Solutions for NR to support non-terrestrial networks (NTN)”, Thales, 3GPP RAN #86. 
[2] 3GPP TR38.821, “Solutions for NR to support non-terrestrial networks (NTN)”.



1/1
image1.emf
Cell 0

BWP 1

Cell 3

BWP 4

Cell 2

BWP 3

Cell 1

BWP 2

Cell 6

BWP 3

Cell 4

BWP 1

Cell 5

BWP 2

Cell 7

BWP 4

Cell 0

BWP 1

Cell 3

BWP 4

Cell 2

BWP 3

Cell 1

BWP 2

Cell 2

BWP 3

Cell 0

BWP 1

Cell 1

BWP 2

Cell 3

BWP 4

Cell 0

BWP 1

Cell 0

BWP 4

Cell 0

BWP 3

Cell 0

BWP 2

Cell 2

BWP 3

Cell 1

BWP 1

Cell 1

BWP 2

Cell 3

BWP 4

Cell 0

BWP 1

Cell 0

BWP 4

Cell 0

BWP 3

Cell 0

BWP 2

Cell 0

BWP 3

Cell 0

BWP 1

Cell 0

BWP 2

Cell 0

BWP 4

Opt 1 Opt 2

Opt 3

Opt 4


Microsoft_Visio_Drawing.vsdx
Cell 0
BWP 1
Cell 3
BWP 4
Cell 2
BWP 3
Cell 1
BWP 2
Cell 6
BWP 3
Cell 4
BWP 1
Cell 5
BWP 2
Cell 7
BWP 4
Cell 0
BWP 1
Cell 3
BWP 4
Cell 2
BWP 3
Cell 1
BWP 2
Cell 2
BWP 3
Cell 0
BWP 1
Cell 1
BWP 2
Cell 3
BWP 4
Cell 0
BWP 1
Cell 0
BWP 4
Cell 0
BWP 3
Cell 0
BWP 2
Cell 2
BWP 3
Cell 1
BWP 1
Cell 1
BWP 2
Cell 3
BWP 4
Cell 0
BWP 1
Cell 0
BWP 4
Cell 0
BWP 3
Cell 0
BWP 2
Cell 0
BWP 3
Cell 0
BWP 1
Cell 0
BWP 2
Cell 0
BWP 4
Opt 1
Opt 2
Opt 3
Opt 4



image2.emf
Alt 1 Alt 2


Microsoft_Visio_Drawing1.vsdx
Alt 1
Alt 2



image3.emf
Decode SSB 

for beam N-1

Decode SSB CORESET#0

SIB1 for all 

beams

Get config of initial DL & UL 

BWPs for all beams, config of 

CORESET#0's for other beams

...

Design 1:

Decode SSB 

for beam 0

CORESET#0 

for beam 0

SIB1 for 

beam 0

CORESET#0 

for beam N-1

SIB1 for 

beam N-1

Get config of initial DL & UL 

BWPs for all beams, config of 

CORESET#0's for other beams

Get config of initial DL & UL 

BWPs for all beams, config of 

CORESET#0's for other beams

...

Design 2:

In the same 

BWP

Get config of initial DL & UL 

BWPs for all beams, config of 

CORESET#0's for other beams


Microsoft_Visio_Drawing2.vsdx
Decode SSB for beam N-1
Decode SSB
CORESET#0
SIB1 for all beams
Get config of initial DL & UL BWPs for all beams, config of CORESET#0's for other beams
...
Design 1:
Decode SSB for beam 0
CORESET#0 for beam 0
SIB1 for beam 0
CORESET#0 for beam N-1
SIB1 for beam N-1
...
Get config of initial DL & UL BWPs for all beams, config of CORESET#0's for other beams
Get config of initial DL & UL BWPs for all beams, config of CORESET#0's for other beams
...
Design 2:
In the same BWP
Get config of initial DL & UL BWPs for all beams, config of CORESET#0's for other beams



image4.emf
Decode SSB 

for beam N-1

Decode SSB 

for beam 0

CORESET#0 

for beam 0

SIB1 for 

beam 0

CORESET#0 

for beam N-1

SIB1 for 

beam N-1

Get config of initial DL & UL 

BWPs for all beams, config of 

CORESET#0's for other beams

Get config of initial DL & UL 

BWPs for all beams, config of 

CORESET#0's for other beams

...

...

In different 

BWPs


Microsoft_Visio_Drawing3.vsdx
Decode SSB for beam N-1
Decode SSB for beam 0
CORESET#0 for beam 0
SIB1 for beam 0
CORESET#0 for beam N-1
SIB1 for beam N-1
Get config of initial DL & UL BWPs for all beams, config of CORESET#0's for other beams
Get config of initial DL & UL BWPs for all beams, config of CORESET#0's for other beams
...
...
In different BWPs



