3GPP TSG-RAN WG4 Meeting # 106-bis-e					R4-2305637
Electronic Meeting, 17th  –26th  April, 2023
Source:		Ericsson
Title:			Simulation results for the non-transparent scheme
Agenda item:		5.28.2.4
Document for:		Approval
Introduction
In this contribution, we present our updated simulation results on the non-transparent scheme stated in WF[1], adding the CP-OFDM waveform simulated results.  
Discussion
MPR reduction of transparent schemes
A wide variety of schemes to reduce PAPR for a given waveform exist [3].  They can be broadly classified into schemes that are transparent to the receiver, and those that are not.  Non-transparent schemes reduce the signal peaks by introducing a limited amount of distortion with additional network resources and the receiver needs to process the signal with the awareness that it was transmitted in a distorted way and network needs to reserve additional network resource for it.  In the following discussion, several non-transparent schemes are simulated, namely, FDSS-SE with different filters and tone reservation.
The PA model used in simulation is calibrated with a 23 dBm output. Two MPR backoff performance is simulated, one without power boosting and one with power boosting. For MPR without power boosting, the output power is limited to 23 dBm and MPR backoff of baseline is set to comply to the current MPR specification (e.g no MPR at inner allocation and maximum 1 dB backoff for outer and edge allocation). For MPR with power boosting, the UE output power at antenna is allowed to exceed the nominal output power of 23 dBm. The amount of exceeded power in dB is expressed in negative number in Figure. With power boosting and without power boosting, the MPR backoff performance with different transparent schemes is illustrated in Figure 2 to Figure 5. In these Figures, the 0 dB backoff power references to 23 dBm output power at UE antenna.
Additionally, to compare the MPR backoff power for different schemes and with different RB allocation area defined as “outer, edge and inner allocation”, 3 typical cases are chosen to represent the outer and inner allocation. The cases are “start 0”and “ middle allocation”. “start 0” represent outer allocation and “middle allocation represent the inner allocation. The RB start index and RB size combination for these 3 cases are illustrated in Figure 1.
[image: ]
Figure 1: MPR comparison cases setup

For DFT-s-OFDM and QPSK without power boosting in Figure 2, the gain is observed relative to the baseline backoff power, It can be observed that that for inner allocation, no gain for most of RB size but small gain of around 0.5 for bigger RB size. With power boosting in Figure 3, a gain of 1 dB can be observed for bigger RB size for inner allocation. For outer allocations and without power boosting, most schemes can achieve at least 0.5 dB gain compared to baseline. With power boosting, the gain still around 1.5 dB.
[bookmark: _Ref127459254]For DFT-s-OFDM and QPSK and inner allocation without power boosting, 0.5 dB again of MPR can be achieved for bigger RB size. With power boosting, around 1 dB gain can be achieved for inner allocation. 
[bookmark: _Ref127459264]For DFT-s-OFDM and QPSK and outer allocation without power boosting, most schemes can achieve at least 0.5 dB gain compared to baseline. With power boosting, the gain still around 1.5 dB.


For CP-OFDM and QPSK in Figure 4, the gain is observed relative to the baseline backoff power, It can be observed that that for inner allocation, the observed gain is around to 1 dB. For outer allocations similar observation is observed. There is no power boosting in this case, as in all RB allocation, there is a need for MPR. 

[bookmark: _Ref131609376]For CP-OFDM and QPSK , there is around 1 dB gain for inner allocation and outer allocation.
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Figure 2: MPR backoff without power boosting for QPSK and DFT-S-OFDM with 100MHz channel and SCS 30kHz.
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Figure 3:MPR backoff with power boosting for QPSK and DFT-S-OFDM with 100MHz channel and SCS 30kHz.
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[bookmark: _Ref131584570] Figure 4: MPR backoff with power boosting for QPSK and CP-OFDM with 100MHz channel and SCS 30kHz

BLER performance
In Figure 4 below, we present results of link simulations for the example schemes given above that quantify the impact on required SNR at a target BLER.  Each scheme is simulated with specific coding rate and PRB size. To be able to derive the net gain for all RB size, the SNR for other RB size than in Figure 4 is interpolated in Figure 5 and the SNR gain compared to baseline is illustrated in Figure 6. The different coding rate is chosen to represent the typical MCS index: e.g MCS6~-CR=0.4385, MCS3~-CR=0.2451, MCS0~-CR=0.1172.
It can be observed that for non-transparent schemes, the SNR loss is 0.6 dB to 0.8 dB for MCS index 0 and 3. The SNR loss is around 1.6 dB for higher MCS index 6.
The SNR gain curve to derive the net gain for CP-OFDM is added in Figure 8.

[bookmark: _Ref127459282]There is 0.6 dB SNR loss for lower MCS index  and  and around 1.6 dB SNR loss for higher MCS index 6.
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[bookmark: _Ref127442955]Figure 5: PUSCH SNR@0.1 BLER with different RB size and coding rate.
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[bookmark: _Ref127444135]Figure 6: Interpolation SNR based on BLER in Figure 4(MCS6~-CR=0.4385, MCS3~-CR=0.2451, MCS0~-CR=0.1172)
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[bookmark: _Ref127444453]Figure 7:  SNR gain to baseline based on Figure 5 (MCS6~-CR=0.4385, MCS3~-CR=0.2451, MCS0~-CR=0.1172)
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Figure 8:SNR gain to baseline for CP-OFDM 

Net gain
The total gain of MPR transparent scheme should be MPR reduction gain + SNR gain/loss for different RB size and RB start index. As in section 2.1, the MPR backoff with and without power boosting is separately simulated, so the net gain is also derived differently. The net gain is derived for different coding rate for different RB allocation cases (outer allocation of “start 0” and inner allocation of “mid allocation”) with and without power boosting for QPSK and DFT-s-OFDM in Figure 7 to Figure 12. The discussion is based on the non-transparent schemes in Figures and leave the transparent scheme discussion in another companion paper though both transparent and non-transparent schemes are illustrated in the same Figure.
It can be observed that for non-transparent scheme and outer allocation without power boosting, the net gain is between 0.5 dB to 1 dB for lower MCS. For higher MCS index (MCS 6), the net gain is compressed to from no gain to negative gain. For inner allocation, the net gain is around 0.5 dB to 1 dB starting at larger RB size for lower MCS index and net gain is compressed to negative gain for higher MCS index. For negative net gain is observed for smaller RB size for inner allocation.
When power boosting is enabled, for lower MCS index and outer allocation, the net gain can be up to 0.8 dB to 2 dB but will be compressed to around 0.5 dB for higher MCS index. For inner allocation and lower MCS index, the net gain is 1 dB to 2 dB and for higher MCS index, the net gain is also 0.2 dB to 1 dB for larger RB size. Negative net gain is observed for smaller RB size for inner allocation.
For CP-OFDM and tone reservation scheme, it can be observed that there is around 1 dB net gain for outer allocation, there is more than 1 dB gain for some of the inner allocation. This is illustrated in Figure 15. 

[bookmark: _Ref127459290]For inner RB allocation, there is no net gain for smaller RB size with or without power boosting.
[bookmark: _Ref127459298]For inner RB allocation for bigger RB size and without power boosting, there is 0.5 dB to 1 dB net gain for lower MCS , the net gain is diminishing for higher MCS.
[bookmark: _Ref127459308]For inner RB allocation for bigger RB size and with power boosting, there is 1 dB to 2 dB net gain for lower MCS , the net gain is compressed to 0.2 dB to 1 dB for higher MCS.
[bookmark: _Ref127459317]For outer RB allocation without power boosting, the net gain is between 0.5 dB to 1 dB for lower MCS. For higher MCS index (MCS 6), the net gain is compressed to from no gain to negative gain.
[bookmark: _Ref127459325]For outer RB allocation with power boosting and for lower MCS index, the net gain can be up to 0.8 dB to 2 dB but will be compressed to around 0.5 dB for higher MCS index.
[bookmark: _Ref131608822]For CP-OFDM and tone reservation scheme, there is around 1 dB net gain for outer allocation, there is more than 1 dB gain for some of the inner allocation.
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[bookmark: _Ref127445908]Figure 9: Net gain for coding rate 0.12 (MCS 0) without power boosting
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Figure 10: Net gain for coding rate 0.12 (MCS 0) with power boosting
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[image: ]Figure 11: Net gain for coding rate 0.24 (MCS 3) without power boosting
[image: ]









Figure 12: Net gain for coding rate 0.24 (MCS 3) with power boosting
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Figure 13: Net gain for coding rate 0.42 (MCS 6) without power boosting
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[bookmark: _Ref127445915]Figure 14: Net gain for coding rate 0.42 (MCS 6) with power boosting
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Figure 15: Net gain for CP-OFDM


Conclusions
In this contribution, we present our view on the initial MPR reduction simulation result with transparent schemes with below observation:
Observation 1 For DFT-s-OFDM and QPSK and inner allocation without power boosting, 0.5 dB again of MPR can be achieved for bigger RB size. With power boosting, around 1 dB gain can be achieved for inner allocation.
Observation 2 For DFT-s-OFDM and QPSK and outer allocation without power boosting, most schemes can achieve at least 0.5 dB gain compared to baseline. With power boosting, the gain still around 1.5 dB.
Observation 3 For CP-OFDM and QPSK , there is around 1 dB gain for inner allocation and outer allocation.
Observation 4 There is 0.6 dB SNR loss for lower MCS index  and  and around 1.6 dB SNR loss for higher MCS index 6.
Observation 5 For inner RB allocation, there is no net gain for smaller RB size with or without power boosting.
Observation 6 For inner RB allocation for bigger RB size and without power boosting, there is 0.5 dB to 1 dB net gain for lower MCS , the net gain is diminishing for higher MCS.
Observation 7 For inner RB allocation for bigger RB size and with power boosting, there is 1 dB to 2 dB net gain for lower MCS , the net gain is compressed to 0.2 dB to 1 dB for higher MCS.
Observation 8 For outer RB allocation without power boosting, the net gain is between 0.5 dB to 1 dB for lower MCS. For higher MCS index (MCS 6), the net gain is compressed to from no gain to negative gain.
Observation 9 For outer RB allocation with power boosting and for lower MCS index, the net gain can be up to 0.8 dB to 2 dB but will be compressed to around 0.5 dB for higher MCS index.
Observation 10 For CP-OFDM and tone reservation scheme, there is around 1 dB net gain for outer allocation, there is more than 1 dB gain for some of the inner allocation.
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