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1		Introduction
WF [1] was approved and it called out simulation results
· Limit study to IE powerBoostPi2BPSK set to 0 and companies are encouraged to bring results in RAN4#95e to further evaluate the possibility of MPR enhancement for the new waveform configuration (pi/2 BPSK DMRS with pi/2 BPSK data) in Rel-16
· In RAN4#95e, RAN4 should conclude that whether or not the impact is idenfied on RF requirements for the reduced PAPR pi/2-BPSK DMRS. 
In this contribution we re-present our PI/2 BPSK MPR simulations with new REL16 DMRS [2]
2		Discussion
2.1		Background
REL15 DMRS is based on Zadoff-Chu where as REL16 DMRS is Pi/2 BPSK modulated. In our simulations REL16 DMRS is approximated by transmitting random pi/2-BPSK modulated symbols instead of REL15 Zadoff-Chu DMRS. We expect this to match closely the spectral behavior of REL16 DMRS specified by RAN1. 
We have studied the impact of REL16 DMRS to three different shaping scenarios
· No shaping
· Shaping w/ [-15 0 -15] dB current 38.101 specs
· Shaping w/ [-0.3 1 0.3] from [3]
Simulation assumptions as follows.
FR1: 
Reference waveform: Same as Rel-15 FR1 reference waveform details of which are given below
unshaped DFT-S-OFDM QPSK PUSCH data, SCS=15kHz, no waveform shaping, BW=20MHz, RB# =100RB, MPR=0.5 dB
Modulator IQ-Image and LO-leakage 28 dBc
CIM3=60 dBc
FR2:
Reference waveform: Same as Rel-15 FR2 reference waveform details of which are given below 
unshaped DFT-S-OFDM QPSK PUSCH data, SCS=120kHz, No waveform shaping, BW=100MHz, RB #=20, RB_start=23, MPR=0 dB
Modulator IQ-Image and LO-leakage 25 dBc
CIM3=60 dBc
2.1.1	Results for PARP and EVM
From Figure 2.1-1 we can see PAPR histograms of signals with REL15 DMRS and without for the three shaping cases. We can observe that the PAPR delta between signals with REL15 DMRS and without increases when the amount of shaping increases.
Figure 2.1-1: Comparison of PARP
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Figure 2.1-2 presents EVM as a function of output power backoff. 0 dB BO means 23 dBm output power and -3 dB BO means 26 dBm. Solid lines are EVM of signals without REL15 DMRS (i.e. REL-16 signals) and dotted lines are EVM of REL15 ZC DMRS only. As have been discussed and can be seen from Figure the EVM of REL15 ZC DMRS increases faster when output power is increased which is the reason why REL16 DMRS is introduced.
For REL-16 data only signals the current 38.101-1/2 shaping scheme [-15 0 -15] seems to give the best EVM.

Figure 2.1-2: Comparison of EVM as a function of output power backoff;
FR1 on the left and FR2 on the right
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2.3		FR1
Figures 2.3-1…2.3-3 present the gain in output power for FR1 obtained from REL16 DMRS over REL-15 DMRS (left hand side figure) and what is the gating factor with REL16 DMRS for all three shaping schemes listed in previous paragraph.
We can observe that 
· More output power is available when amount of shaping is increased but it is not certain that this manifests as increased bitrate in base station receiver as spectrum starts to heavily distorted especially in case of shaping w/ [-0.3 1 0.3].
· Up to 3 dB more power could be achieved compared current MPR scheme (no power boosting assumed) for all three scenarios
· Even in case of no shaping inner allocation output power could be increased 2.5-3 dB.
[bookmark: _Hlk30525006]Figure 2.3-1: No Shaping, Output power backoff in relation to 23 dBm
 (Left w/ DMRS and right w/o DMRS)
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Figure 2.3-2: No Shaping, 
Output power delta between w/ DMRS and w/o DMRS (Left), Limiting gators (Right)
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[bookmark: _Hlk30525048]Figure 2.3-3: Shaping w/ [-15 0 -15] dB, Output power backoff in relation to 23 dBm
 (Left w/ DMRS and right w/o DMRS)
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Figure 2.3-4: Shaping w/ [-15 0 -15] dB, 
Output power delta between w/ DMRS and w/o DMRS (Left), Limiting gators (Right)
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[bookmark: _Hlk30525040]Figure 2.3-5: Shaping w/ [-0.3 1 0.3], Output power backoff in relation to 23 dBm
 (Left w/ DMRS and right w/o DMRS)
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Figure 2.3-6: S Shaping w/ [-0.3 1 0.3],
Output power delta between w/ DMRS and w/o DMRS (Left), Limiting gators (Right)
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2.3		FR2
Figures 2.3-1…2.3-3 present the gain in output power for FR2 obtained from REL16 DMRS over REL-15 DMRD (left hand side figure) and what is the gating factor with REL16 DMRS for all three shaping schemes listed in previous paragraph.
We can observe that 
· Up to 1.5 dB more power could be achieved compared current MPR scheme however this is mostly due to relaxed specification not new DMRS
· Number of waveforms capable of achieving this 1.5 dB improvement in output power is increased when shaping is increased but it is not certain that this manifests as increased bitrate in base station receiver as spectrum starts to heavily distorted especially in case of shaping w/ [-0.3 1 0.3].

Figure 2.3-1: No Shaping, Output power backoff in relation to 23 dBm
 (Left w/ DMRS and right w/o DMRS)
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Figure 2.3-2: No Shaping 
Output power delta between w/ DMRS and w/o DMRS (Left), Limiting gators (Right)
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Figure 2.3-3: Shaping w/ [-15 0 -15] dB, Output power backoff in relation to 23 dBm
 (Left w/ DMRS and right w/o DMRS)
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Figure 2.3-4: Shaping w/ [-15 0 -15] dB
Output power delta between w/ DMRS and w/o DMRS (Left), Limiting gators (Right)
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Figure 2.3-5: Shaping w/ [-0.3 1 0.3], Output power backoff in relation to 23 dBm
 (Left w/ DMRS and right w/o DMRS)
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Figure 2.3-6: Shaping w/ [-0.3 1 0.3]
Output power delta between w/ DMRS and w/o DMRS (Left), Limiting gators (Right)
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3		Conclusion
Based on the results of this paper it seems that FR1 benefits more than FR2 of the reduced PAPR due to new DMRS. This is likely because FR2 PA can be driven harder to compression due to more relaxed emission requirements therefore reduced PARP does not benefit as much.
FR1: We can observe that 
· More output power is available when amount of shaping is increased but it is not certain that this manifests as increased bitrate in base station receiver as spectrum starts to heavily distorted especially in case of shaping w/ [-0.3 1 0.3].
· Up to 3 dB more power could be achieved compared current MPR scheme (no power boosting assumed) for all three scenarios
· Even in case of no shaping inner allocation output power could be increased 2.5-3 dB.
FR2: We can observe that 
· Up to 1.5 dB more power could be achieved compared current MPR scheme however this is mostly due to relaxed specification not new DMRS
· Number of waveforms capable of achieving this 1.5 dB improvement in output power is increased when shaping is increased but it is not certain that this manifests as increased bitrate in base station receiver as spectrum starts to heavily distorted especially in case of shaping w/ [-0.3 1 0.3].
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