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Introduction 
At the Rel-18 workshop, more than 20 companies submitted contributions asking to consider enhancements for NR-NTN and/or IoT-NTN for the Rel-18 [2,3]. Four topics were selected for detailed development in R18, with one of them being “Coverage Enhancement”, including for “commercial handset terminals”. 

In section 2.2 we consider DL-PAPR (peak-to-average power ratio) reduction, which is a technique that can be useful for coverage enhancement. See, for example, Section 4.2.1 of [1]. 

DFT-s-OFDM was previously described in [5], and it was also considered for inclusion in Rel-18 in [9]. Since DFT-s-OFDM is a single carrier waveform it is well known to exhibit a lower PAPR relative to OFDM. It may not have been considered for Rel-17 mostly due to time constraints but Rel-18 is a good opportunity to revisit this for the downlink satellite waveform with relatively little risk.

In section 2.3 we also consider the use of 2x2 pre-coding for coverage enhancement in this document. In this section we show the benefits using simulation results of using polarization pre-coding.
 
This document reviews the merits for DL PAPR reduction, and 2x2 polarization pre-coding and provides our proposed recommendations.  

 
Discussion 

[bookmark: _Toc493127338]The justification for considering coverage enhancement includes the desire to increase the service availability for commercial handheld terminals, i.e., smartphones, which have lower antenna gains, e.g., -5 dBi, as noted in [4]. Even for a LEO satellite, achieving an adequate link margin with a smartphone is challenging, and methods which improve the link margin would be beneficial. 

[bookmark: _Ref110515351]Simulation Assumptions

Note that for the simulations we have considered the performance for Set 1 [8] GEO and LEO scenarios. 

The simulation results presented in this section consider the parameters provided in Tables 1, 2, and 3 for the configuration, channel model, and orbital parameters respectively.

Table 1 Parameters for the Simulations that are Considered
	Parameter
	Value
	Notes

	GEO, LEO
	Set 1
	

	Band
	S-Band
	

	Maximum Doppler Shift for LEO
	Scenario C2/D2: 
600 km: 24 ppm
	

	Waveform
	1) DFT-s-OFDM
2) CP-OFDM
	1) PAPR Study
2) 2x2 Pre-Coding

	Bandwidth
	10 MHz
	This may be typical of two eMTC devices, or an eMBB connection. 

	SCS
	15 kHz
	

	Channel Model
	NTN TDL-C
	

	Channel and Timing Estimation
	Assumed Ideal
	

	HARQ # Processes
	0, and 32
	

	Delay
	Implicitly modeled for GEO and LEO
	For LEO the minimum latency is 8 ms for a transparent satellite at 600 km altitude
For GEO the RTT delay is 537.6 ms




Table 2  NTN TDL-C (38.811 Table 6.9.2-3)
	Tap #
	Normalized Delay
	Power [dB]
	Fading Dist.

	1
	0
	-0.394
	LOS path

	1
	0
	-10.618
	Rayleigh

	2
	14.813
	-23.373
	Raileigh





Table 3  Orbital Parameters
[image: ]
Notes:
1. Elevation angle from Thales R1-2204545
2. Assumes 15 kHz SCS → 1 ms process duration


[bookmark: _Ref110586690]Consideration for PAPR

[bookmark: _Hlk101339142]In [11] we considered a method using DFT-s-OFDM in the downlink to improve the PAPR for transmissions from the satellite. In this TDoc we noted that especially for the downlink, high PAPR causes a significant power efficiency loss and consequent throughput loss. This is particularly true for FR2 (above 10 GHz), where higher power is needed to compensate for increased path losses. Figure 1 demonstrates the improvement we observed for using DFT-s-OFDM.
 
[image: ]
[bookmark: _Ref101511365]Figure 1. PAPR comparison between DFT-s-OFDM and CP-OFDM waveforms

Because of link margin considerations, it was proposed that DFT-s-OFDM be used only for GEO and MEO deployments. It was also noted that DFT-s-OFDM need not be used for all downlink transmissions, for example, data channels may use CP-OFDM while synchronization and system information broadcasts could use DFT-s-OFDM. 

We also noted in [11] the suitability for dynamic switching of the waveforms may be FFS.

From [11] we had the following observation and proposal,

Observation 1: 
Using DFT-s-OFDM for the downlink waveform reduces the PAPR, which enables higher power and or more efficient transmissions to overcome increased path losses in NTN.

Proposal 1: 
Consider use of DFT-s-OFDM for downlink transmissions.

[bookmark: _Ref110586622]Consideration for Using 2x2 Pre-Coding

Another common method that may be used to improve the link margin is pre-coding. Assuming the satellite architecture can accommodate a polarized antenna configuration at the satellite and ground terminal, this may be leveraged through 2x2 pre-coding to significantly improve the link margin.

As noted from [12] section 6.1.1 the Rx/Tx configuration simulation assumption for calibration and performance evaluations are provided in Figure 6.1.1.1-4, duplicated in figure 3 for convenience.

[image: ]
Figure 2 Src. 38.821 Configuration B: Figure 6.1.1.1-4: Example of UL RX/TX configurations for handheld use cases [12]

As noted in section 2.1, the simulations we have considered show the performance for Set 1 [8] GEO and LEO scenarios using a CP-OFDM waveform. We may consider a DFT-s-OFDM waveform for the 2x2 pre-coding simulation for comparison in the future.  

As shown in Figure 3, the configuration simulation assumption for Release 17 is a 2x1 configuration which necessitates the consideration of a 3 dB de-polarization loss for the simulation results.  When considering a 2x2 polarized configuration, as we propose for coverage enhancement, the use of a de-polarization loss is no longer necessary further improving the coverage enhancement.

The 2x2 codebook we consider for the CP-OFDM simulations is described in [13]. The codebook is duplicated in Figure 4 for convenience below,
[image: ]
Figure 3 Pre-Coding for 2x2 Link
The results for no HARQ for MCS 3 (QPSK), and MCS 13 (16 QAM) are shown in Figures 5, and 6. 

	[image: ]
[bookmark: _Ref110583631]Figure 4 MCS 3: QPSK - 0.49 bps/Hz Spectral Efficiency
	[image: ]
[bookmark: _Ref110583638]Figure 5 MCS 13: 16QAM - 1.91 bps/Hz Spectral Efficiency


As shown in Figure 5 and Figure 6 dual polarization provides up to a 7 dB improvement in SNR at the 30% of max throughput. At 70% of max throughput, dual polarization provides a 6.7 dB improvement at MCS 13. At MCS 3, there is a 6.1 dB improvement. This may enable the use of a higher MCS or improved coverage at the cell edge.
[image: ]
[bookmark: _Ref110584021]Figure 6 Performance using Dual Polarization and HARQ
In Figure 6 we also considered the impact of polarization using HARQ which is relevant for a LEO scenario. At 30% of max throughput there is a 4.5 dB improvement.

It can be seen that the use of precoding for CP-OFDM significantly improves the max throughput and/or link margin.  As is well known, the consideration for using a DFT-s-OFDM waveform is in part due to the challenging PAPR associated with a CP-OFDM waveform.  Using polarization pre-coding partially mitigates this issue.

Observation 2: 
Using 2x2 polarization pre-coding with the CP-OFDM waveform provides up to a 7 dB improvement at 30% of max throughput. Similarly, an improvement of 4.5 dB was observed while also using HARQ. 

Observation 3: 
The use of polarization pre-coding may also address the effect of the challenging PAPR when using a CP-OFDM waveform.

Proposal 2:
Consider the use of 2x2 polarization pre-coding for the CP-OFDM and DFT-s-OFDM waveforms. 
Conclusion

Observation 1: 
Using DFT-s-OFDM for the downlink waveform reduces the PAPR, which enables the transmitter to operate at higher power or to operate with fewer impairments. Reducing the PAPR helps to overcome the increased path losses in NTN.

Proposal 1: 
Consider use of DFT-s-OFDM for downlink transmissions.

Observation 2: 
Using 2x2 polarization pre-coding with the CP-OFDM waveform provides up to a 7 dB improvement at the 40% of max throughput. Similarly, an improvement of 4.5 dB was observed while also using HARQ. 

Observation 3: 
The use of polarization pre-coding mitigates the effect of the challenging PAPR associated with CP-OFDM.

Proposal 2:
Consider the use of polarization pre-coding for the CP-OFDM and DFT-s-OFDM waveforms. 
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