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Introduction
Past modulation schemes had the same or higher PAPR for control and data symbols relative to that of the reference signal symbols. With the introduction of Pi/2 BPSK modulation in Rel-15 the PAPR of the data and control symbols became smaller than that of the reference DMRS signals, i.e. Zadoff-Chu (ZC) modulation. These higher PAPR ZC DMRS symbols have the detrimental effect of causing large instantaneous interference between UEs in the field. In order to reduce this interference in these BPSK modulated waveforms a WI [1] was initiated to investigate the use of different modulation schemes for DMRS to lower its PAPR to be similar to that of the PUSCH/PUCCH Pi/2 BPSK modulated symbols. 
Discussion

Figure1a illustrates a Rel-15 slot structure where the first symbol is shaped ZC modulated DMRS and the remaining symbols are shaped Pi/2 BPSK modulated data and control symbols. The first symbol has a higher PAPR which creates more interference that negatively impacts the performance of other UEs in the general vicinity and leads to system degradation, due to higher out of channel leakage due to PA nonlinearity. Figure1b illustrates a slot structure where the first symbol is shaped Pi/2 BPSK modulated and the control and data symbols are also shaped Pi/2 BPSK modulated symbols. In this slot there is little PAPR difference between the symbols; the DMRS symbol is not characterized by additional interference between UEs. 
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Figure 1 – DMRS and Data/Contol Symbols in a slot


For ZC DMRS the limiting factor is ACLR. As can be seen in the figure2 for more pronounced shaping, the ZC DMRS has higher ACLR (better) than the QPSK reference waveform for maximal allocation. As the filter shaping becomes milder, the ZC DMRS ACLR falls below (gets worse than) that of the reference waveform. This is not the case for Pi/2 BPSK DMRS in figure 4 which is seen to have higher (better) ACLR compared to the reference QPSK waveform even when the filter coefficient is reduced to zero (no shaping). The filter coefficient ‘c’ indicates shaping by the Fourier transform of its impulse response [c 0.93 c 0 0 ….0].
[bookmark: _GoBack]Observation 1: DMRS symbol ACLR is worse for ZC DMRS compared to pi/2 BPSK DMRS
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Figure 2 – Antenna power Vs ACLR for ZC DMRS [SCS=30KHz, BW=20MHz]
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Figure 3 – Antenna power Vs ACLR for Pi/2 DMRS [SCS=30KHz, BW=20MHz]

These results are illustrated differently in Figure 4 to highlight the difference in ACLR for ZC DMRS and Pi/2 DMRS as a function of the filter shaping at the MPR1 power level. ACLR for DMRS symbol falls below spec limit unless significant shaping is used.
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Figure 4 – Filter coefficient Vs. ACLR at the MPR1
For an outer allocation waveform, the target output power is 24.8dBm, derived from an MPR of 1.2dB from a boosted effecting Pcmax of 26dBm. Comparing figures 2 and 3 the Pi/2 BPSK DMRS can achieve this target for some filter coefficients while a ZC DMRS cannot. For ZC waveforms it is seen that as the filter coefficient is increased the EVM performance begins to exceed the specification limit. In synchronized cellular systems it is likely that several UEs would have the DMRS located at the same symbol in time. Therefore, DMRS distortion from one UE can severely interfere with the DMRS of another UE. Results show that at an output power of 24.8dBm the ZC DMRS has 12dB lower ACLR compared to a Pi/2 BPSK DMRS. This means there could be 12dB more interference of this UE into another UE.
A note on why poor ACLR for DMRS symbol has gone by un-noticed: ACLR is averaged over all symbols, so DMRS related degradation of ACLR gets diluted by the better ACLR of PUSCH symbols, which are more numerous. A better way of quantifying the benefits of pi/2 BPSK DMRS would be to perform a network study that accounts for interference mechanisms on symbol by symbol basis.
Another interesting aspect of figure 3 is the potential for increased power. As future work, we plan to evaluate if MPR reduction is feasible in certain select cases.

Conclusion
The ZC DMRS creates interference that can cause system degradation due to degraded ACLR during DMRS symbol. 
Observation 1: DMRS symbol ACLR is worse for ZC DMRS compared to pi/2 BPSK DMRS
As future work, we plan to evaluate if MPR reduction is possible in certain select cases.
Reference
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