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1	Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support non-terrestrial network (NTN). The latest version of the SID is given in [1]. The SI has the following RAN1 objectives:

Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1].


TR 38.811 identifies that it is beneficial if the PAPR on the forward and return link is contained. It is e.g. stated that
· “On the uplink, DFT-spread-OFDM might be beneficial.”
· “PAPR reduction techniques of CP-OFDM signal on the downlink would be beneficial to optimize the capacity of non-terrestrial networks and therefore could be considered in future studies.”
In this contribution, we discuss the options for maintaining the PAPR within acceptable limits. 
2	Discussion
OFDM is a spectral efficient modulation with many advantages. One of the few disadvantages is that its multicarrier property is associated with a significant peak to average power ratio (PAPR). This is a well-documented property, and many methods to limit the impact from the PAPR on the signal quality and power amplifier efficiency are available in the open literature. The LTE/NR DFT precoded OFDM modulation is a good example. Beyond this modulation method the 3GPP RF specifications implicitly support proprietary means of limiting the PAPR through the specified EVM levels and through the specified performance requirements. This principle is supported by all 3GPP RATs and is in our view sufficient to also alleviate PAPR problems in an NTN. 
1. 3GPP implicitly supports proprietary means of limiting the PAPR through the specified EVM levels and through the specified performance requirements
2.1	PAPR compression: An example
A good example of an efficient method for reducing the PAPR of a signal is to perform a hard clipping of a signal followed by a pulse shaping. The clipping only distorts the amplitude of the signal, but not the phase which is beneficial for most modulation constellations. The pulse shaping limits the unwanted emission levels but has the drawback of a peak regrowth. This can e.g. be compensated for by iterating the clipping and filtering, or by selecting a more aggressive clipping threshold.
Below we present the PAPR characteristics of the IQ samples generated for 1 OFDM modulated PRB using the QPSK modulation constellation. We also show how efficiently the signal can be clipped. With clipping the PAPR is reduced by ~5 dB. In this example we clipped and filtered the signal to make sure the emission levels are kept at acceptable levels.
[image: ]
Figure 1 PAPR statistics of the IQ samples generated for a 1 PRB QPSK modulated signal.
Figure 2 presents the impact on link level performance from clipping the QPSK modulated PRB signal to a level of ~4 dB PAPR. We show the impact for a range of code rates. There is some loss in link level performance when the FEC code rate is at 0.8. With a lower code rate the loss in performance becomes lower. This follows the expected behavior. Around 1 dB loss in link level performance is the cost of reducing the PAPR down to 4 dB when the code rate is at 0.2 and lower. There is also a clear dependency between the modulation order and sensitivity towards clipping, which is not shown here. 
1. There is a dependency between code rate and modulation order and acceptable level of PAPR compression.

[image: ]
[bookmark: _Ref4702811]Figure 2 Impact on 1 PRB BLER performance from clipping.
What needs to be realized is that the dependency between acceptable clipping levels and the code rate and modulation is not unique to this method. Regardless of which method is chosen a similar dependency will be seen. We believe that proprietary methods are needed to support an efficient handling of the PAPR. To specify methods that efficiently and in a flexible manner can cope with all supported NR signal configurations will be very challenging. Based on these observations we propose to leave PAPR compression up to implementation.
1. Proprietary methods are needed to support an efficient handling of the PAPR. To specify methods that efficiently and in a flexible manner can cope with all supported NR signal configurations will be challenging.
RAN1 to leave PAPR compression up to implementation
3	Conclusions
In this contribution, we discuss PAPR reduction methods. We present results for a simple approach where the signal is clipped and filtered. We show that a reduction in PAPR by 5 dB is achievable with limited impact on the link level performance of a QPSK modulated PRB. We believe that this shows that proprietary means can provide the PAPR reduction desired in an NTN, and that 3GPP RAN1 should refrain from specifying methods beyond the already existing ones for reducing the NR PAPR.
We made the following observations and proposals:
1. 3GPP implicitly supports proprietary means of limiting the PAPR through the specified EVM levels and through the specified performance requirements
1. There is a dependency between code rate and modulation order and acceptable level of PAPR compression.
1. Proprietary methods are needed to support an efficient handling of the PAPR. To specify methods that efficiently and in a flexible manner can cope with all supported NR signal configurations will be challenging.

1. RAN1 to leave PAPR compression up to implementation
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