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Introduction
In RAN1#102e, the following agreements on HARQ operations for NTN were made [1]:
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 

Additionally, the following agreement was made in RAN1 #103e [2]:
Agreement:
Indication of polarization information for DL and UL by the network is supported. 
· FFS: Signaling details

[bookmark: _Ref473802466][bookmark: _Ref462669569]In Sec. 2, we discuss cell planning of NTN, BWP based satellite beam switching and signaling, and several other issues and enhancements intended for Rel-17 NTN. In Sec. 3, we introduce tone reservation techniques for PAPR reduction of NTN DL signals with simulation results.
Discussions for Rel-17 
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 [3]. 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 [3]. 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 

In terrestrial networks where different network transmit beams require different receive beams or spatial directions at UE for maximal antenna gain. In NTN, however, the best spatial direction of a UE transceiver is typically the same for all the satellite beams. That is, a VSAT type UE should always have transmit and receive direction always pointing towards the satellite, regardless the satellite beam it is connected to. 
Observation 2: Different beams of a satellite may have different carrier frequencies but the same corresponding UE transmit and receive spatial direction.
As such, it is natural to associate a satellite beam with a BWP, at least an initial BWP.  
Proposal 1: 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 2: 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 3: 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 intervals, i.e., within their respective BWPs.
Enhancements on signalling  
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]Design 1 has more commonality with existing NR than Design 2. Compared to existing NR design, Design 1 requires signalling of initial BWPs per SSB.  For the above reasons, only Design 1 is to be considered.

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). 
For both SSB arrangement Atl. 1 and Alt. 2, UE procedure can be summarized by the following steps:
· UE synchronizes to a first SSB and reads the information of the associated CORSET 0. 
· From CORSET 0, UE decodes SIB1 that contains information about initial BWPs of the first SSB and also others.
· UE switches to the initial BWPs of the first SSB. 

[bookmark: _Hlk47638176]Proposal 4: Support signalling of the following configurations in SIB1
· initial BWPs of other satellite beams,
· CORSET#0 of other satellite beams if different from that of the serving 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 5: Consider BWP switching schemes to support efficient satellite beam switch. 
Proposal 6: 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 7: Consider enhancements on 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 8: 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 9: 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 10: 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

Signalling of polarization
Polarization is an effective tool for increasing system capacity. One coverage area can be served by two different polarizations and two polarizations can have different beam lay out as shown in Figure 5.


Figure 5. Polarization and beam layout.

To have broad support of different deployment options with regard to polarization, it is best to support at least polarization per BWP.
Proposal 11: Consider at least signalling of polarization per BWP.

Antenna Diversity for PRACH
In RAN meeting #90e, a work item on NR coverage enhancements was approved [4]. Enhancements for PUSCH, PUCCH, and Masg3 are all included including increased repetitions, DMRS bundling across slots, and others. NR NTN coverage is expected to benefit from the work item. It is therefore important to examine PRACH coverage particularly for smart phones in S band.
Smart phones in FR1 typically have more than one linearly polarized transmit antennas. However, the exact polarization direction of antennas is unknown due to the uncertainty of handset orientation. In addition, phase shifts among antennas are typically unknown due to the separation of their associated RF chains. As a result, transmit diversity is important for PRACH transmission. In Figure 6, we compare the performance of PRACH format 2 with and without transmit antenna diversity. For both cases, coherent reception of the first half, i.e., the first and the second repetitions, and of the second half of the preamble was performed. The outputs of the first and the second half are then combined non-coherently.  Due to the long duration of PRACH format 2, it was found that with 200 Hz frequency error coherent reception among four repetitions will lead to worse performance that is not shown in the figure. For transmit diversity, the antenna switch point is set at CP/2 before the end of repetition 2 as shown in Figure 7. As such, the PRACH format 2 can accommodate a maximal differential delay CP/2 or delays in the range [-CP/4, CP/4]. Since the CP duration of PRACH format is 152.6 ms, CP/2 is more than enough to accommodate UEs with GNSS capability.

[image: ]
Figure 6. Antenna switching performance for PRACH format 2: the probability of miss detection under the constraint that the probability of false alarm is kept within the range [0.63%, 0.73%].
  
Figure 7. Antenna switching point for PRACH format 2.
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As can be seen from Figure 6, Antenna diversity provides about 2 dB gain at 1% miss detection rate. Since the bandwidth of PRACH format 2 is about 1 MHz, a -19 dB SNR for PRACH format 2 corresponds to  a -19+7.6=-11.4 dB SNR for 1 PRB PUSCH transmission of with 15 kHz subcarrier spacing. Hence it is important to allow transmit antenna diversity for PRACH format 2. To do so, we need to define the antenna switching point.
Proposal 12: For PRACH format 2 in NTN, antenna switching point is CP/2 before the end of the second repletion or 22232x64 Tc of the second repetition. 


PAPR Reduction for NTN
The NR DL waveform is CP-OFDM, which is known for the issue of large PAPR that leads to a low transmission power from a power amplifier or large distortion. PAPR reduction for the DL transmission is important, especially given the high cost of providing power supply on the satellite. We present simulation results on the use of tone reservation for reducing the PAPR for the satellite DL transmission.  
PAPR Reduction by Tone Reservation
The CP-OFDM waveform has a large PAPR or cubic metric (CM). To maintain linearity in the amplification, a back off needs to be applied to the power amplifier, which leads to low transmission power. To have larger transmission power, a satellite needs a larger battery which adds to the cost. Without the back off, there may be significant distortion in the amplified waveform. 
Among the techniques for reducing the PAPR or CM, tone reservation [5] stands out because of its simplicity and effectiveness. The idea is to reserve a subset of the tones or subcarriers, called peak reduction tones (PRTs), for cancelling the peaks of the ODFM waveform generated by the data carrying tones. At the receiver, only the data carrying tones are processed and the PRTs are ignored. 
There are two types of PRT allocations as illustrated in Figure 6. The first type is in-band allocation, where the PRTs are interlaced with the data carrying tones. The second type is side-band allocation, where the PRTs are on the edges of the data carrying tones. Side-band allocation has the advantage of making tone reservation transparent to the UE. 
	[image: ]
(a)
	[image: ]
(b)


Figure 6. PRT allocation: (a) in-band, (b) side-band.

We show simulation results on PAPR reduction and raw cubic metric (RCM) reduction for tone reservation for a 40MHz channel. We also show the results with the consideration of a hard-clipping power amplifier model. The SCS is 30KHz, resulting in 111 RBs.       

 Tone reservation results for 40 MHz bandwidth, full-band allocation. 
In-band allocation: 65 PRTs are chosen randomly, accounting for 4.9% overhead. The results for QPSK and 256QAM are almost identical. The results for QPSK are provided in Table 1 and Figure 7. Note that the power expended on the PRTs is negligible compared to that on the data carrying tones. 

Table 1: In-band PRT allocation: comparison of PAPR and RCM for the case of not using PRTs and the case of using PRTs
	
	CCDF
	0% PRT
	4.9% PRT, inband, random
	Reduction

	3GPP PAPR
	
	9.6 dB
	7.6 dB
	2.0 dB

	
	
	11.4 dB
	7.6 dB
	3.8 dB

	RCM
	
	8.5 dB
	8.1 dB
	0.4 dB

	
	
	8.9 dB
	8.3 dB
	0.6 dB
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Figure 7. In-band PRT allocation: (a) The CCDF of 3GPP PAPR, (b) the CCDF of RCM, and (c) the PSD of data tones and PRTs;.
 
Sideband allocation: 266 tones equally divided on both sides of the band are dedicated as PRTs, accounting for 20% overhead. The results for QPSK are provided in Table 2 and Figure 8. 

Table 2: Side-band PRT allocation: comparison of PAPR and RCM for the case of not using PRTs and the case of using PRTs
	
	CCDF
	0% PRT
	20% PRT, sideband, symmetric
	Reduction

	3GPP PAPR
	
	9.6 dB
	8.1 dB
	1.5 dB

	
	
	11.4 dB
	9.0 dB
	2.4 dB

	RCM
	
	8.7 dB
	8.2 dB
	0.5 dB

	
	
	9.1 dB
	8.5 dB
	0.6 dB
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Figure 8. Side-band PRT allocation: (a) The CCDF of 3GPP PAPR, (b) the CCDF of RCM, and (c) the PSD of data tones and PRTs.

Based on the simulation results, we have the following observation.
Observation 3: Tone reservation can significantly reduce PAPR and RCM of the CP-OFDM waveform in the NTN downlink.

Net transmit power gain for 40MHz bandwidth with hard-clipping PA model (Rapp model with )
We compare three different waveforms:
1. No excess bandwidth, i.e., no PRTs. No transparent crest factor reduction (CFR) other than hard-clipping.
1. 20% excess bandwidth as sideband PRTs. No transparent CFR other than hard-clipping.
1. 5% excess bandwidth as inband PRTs. No transparent CFR other than hard-clipping. 
The results are shown in Table 3 and Table 4 for QPSK and 256QAM respectively. The last second row, “energy wasted in the PRTs”, refers to the ratio of the power expended on the PRTs to the overall transmission power.

Table 3: The PAPR that meets the constraints, energy used for PRTs, and the net TX power gain for QPSK
	
	0% excess bandwidth
	20% sideband PRT
	5% inband PRT

	PAPR that meets ACLR
	7.8 dB
	6.2 dB
	6.1 dB

	PAPR that meets EVM
	4.1 dB
	3.6 dB
	3.5 dB

	PAPR that meets both
	7.8 dB
	6.2 dB
	6.1 dB

	Energy used for PRTs
	--
	0.1 dB
	0.3 dB

	Net TX power gain
	--
	1.5 dB
	1.4 dB



Table 4: The PAPR that meets the constraints, energy used for PRTs, and the net TX power gain for 256QAM
	
	0% excess bandwidth
	20% sideband PRT
	5% inband PRT

	PAPR that meets ACLR
	7.8 dB
	6.4 dB
	6.1 dB

	PAPR that meets EVM
	8.0 dB
	6.8 dB
	6.2 dB

	PAPR that meets both
	8.0 dB
	6.8 dB
	6.2 dB

	Energy used for PRTs
	--
	0.1 dB
	0.3 dB

	Net TX power gain
	--
	1.1 dB
	1.5 dB



Based on the simulation results, we have the following observation. 
Observation 4: Tone reservation can significantly increase the net transmit power of the CP-OFDM waveform in the NTN downlink.

Conclusions
In this contribution, we have discussed BWP operation and associated signalling enhancements to support different deployment options and efficient beam switching. In addition, some other issues and enhancements including PAPR reduction techniques are discussed. Concerning Rel-17 work, 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. 
Observation 2: Different beams of a satellite may have different carrier frequencies but the same corresponding UE transmit and receive spatial direction.
Proposal 1: Support satellite beam specific initial BWPs. 
Proposal 2: 3GPP RAN1 to have an agenda item dedicated to SSB arrangements and BWP operation.
Proposal 3: 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 4: Support signalling of the following configurations in SIB1
· initial BWPs of other satellite beams,
· CORSET#0 of other satellite beams if different from that of the serving beam. 

Proposal 5: Consider BWP switching schemes to support efficient satellite beam switch. 
Proposal 6: Consider efficient signalling of BWP configurations.  
Proposal 7: Consider enhancements on beam measurement and reporting to support efficient switching between satellite beams using different frequency. 
Proposal 8: Consider synch raster design to reduce initial access time. 
Proposal 9: Consider designing different SIBs based on the system information updating rate.
Proposal 10: 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

Proposal 11: Consider at least signalling of polarization per BWP.
Proposal 12: For PRACH format 2 in NTN, antenna switching point is CP/2 before the end of the second repletion or 22232x64 Tc of the second repetition. 

We also introduced techniques for PAPR reduction that are suitable for NTN DL signals with the following observations:
Observation 3: Tone reservation can significantly reduce PAPR and RCM of the CP-OFDM waveform in the NTN downlink.
Observation 4: Tone reservation can significantly increase the net transmit power of the CP-OFDM waveform in the NTN downlink.
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