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1. Introduction
In [1] we presented comparative statistics of DMRS (ZC sequences), QPSK and pi/2 BPSK. We presented empirical results showing EVM for above modulation types as a function of output power level. We showed that the choice of DMRS is unfortunately not well suited to UE implementation of shaped pi/2 BPSK with Spectrum Shaping. Finally, we presented a proposal to start the resolution process for this problem.
This contribution is a re-submission of [1]. In the previous meeting other companies suggested they may be able to show their own analysis on this subject. This paper serves as back drop for further discussion, and to underpin a proposed LS to RAN1 requesting DMRS be updated in context of pi/2 BPSK with spectrum shaping.

2. Discussion

We first discuss time domain statistics for several relevant waveforms. In case of spectrum shaping, a pre-DFT precoding filter of impulse response [0.28 1.00 0.28] is assumed. We then present empirical results that are consistent with hypothesis made from examining statistics.
Time Domain Statistics
Figures 2.1.x below compare statistics of pi/2 BPSK, QPSK and DMRS. For UE DMRS, choice of sequence is network dictated. Not all ZC sequences of a given length have the same PAR. To represent the case of the UE assigned one of these bad-PAR sequences, we compared and analysed a stream of randomly chosen ZC sequences with a stream of ZC sequences specifically picked for their worse PAR. 
No Spectrum Shaping 
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Figure 2.1.1 : Time Domain Statistics of Unshaped Waveforms.

Even without spectrum shaping, pi/2 BPSK has lower PAR than ZC. Worst case ZC curve is an optimistic view of the waveform assigned to a UE with the worst ZC sequence. This ‘no shaping’ result can be extended to ‘mild’ spectrum shaping strategies also.  
 With Spectrum Shaping 
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Figure 2.1.2: Time Domain Statistics of Shaped Waveforms

With relatively strong spectrum shaping, there is no significant distinction between ZC sequences. The CCDF curves adopt a slightly different shape compared to QPSK. Considering just the excursions (PAR>0dB) however, ZC is significantly worse than pi/2 BPSK.
Observation 1: Shaped ZC has worse PAR than shaped pi/2 BPSK. 

Hypothesis 1: For equivalent EVM, the PA will have to be backed off while transmitting shaped ZC, compared to shaped pi/2 BPSK.
Empirical Results
We analysed waveforms above for EVM, on a sub 6 GHz PA, which served merely as a representative test platform. 
No Spectrum Shaping
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Figure 2.2.1: EVM of Un-Shaped Waveforms

Figures 2.2.1 present EVM data for 100MHz, 60k SCS waveforms with different allocations (full v/s 6RB). EVM for DMRS is worse than pi/2 BPSK.
With Spectrum Shaping
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Figure 2.2.2: EVM of Shaped Waveforms

Figures 2.2.2 present EVM data for 100MHz, 60k SCS waveforms with different allocations (full v/s 6RB). EVM for shaped DMRS, while commensurate with QPSK, is significantly worse than EVM for shaped pi/2 for BPSK. SC QPSK data presented here is unshaped, and is for convenient comparison.
Consider the range where EVM > -30dB. For a given EVM, the QPSK curves are shifted left by more than 2dB, relative to those of shaped pi/2 BPSK. In other words, shaped pi/2 BPSK has at least 2dB greater Tx power capability, compared to QPSK. Factoring in looser EVM specs for pi/2 BPSK relative to QPSK, one can conclude that the actual advantage in transmit power is closer to 3dB, favouring shaped pi/2 BPSK, over SC QPSK. This advantage is typically limited more by practical considerations like PA drive level.

Observation 2: A PA can typically transmit 2dB more power in shaped pi/2 BPSK, compared to SC QPSK, for a given EVM. 
Consider, again, the range where EVM > -30dB. For a given EVM, the DMRS curves are shifted left by more than 2dB, relative to those of shaped pi/2 BPSK. In other words, shaped pi/2 BPSK has at least 2dB greater Tx power capability, compared to ZC DMRS. One can conclude that ZC DMRS effectively holds back shaped pi/2 BPSK, despite advantage illustrated in Observation 2. This result is consistent with Hypothesis 1.
Observation 3: A PA can typically transmit 2dB more power in shaped pi/2 BPSK, compared to ZC DMRS, for a given EVM.
Finally, notice how the QPSK (dashed curve) crosses over the ZC DMRS (blue and green) curves. Even QPSK power may have to be curtailed to accommodate ZC DMRS. 
Observation 4: Shaped ZC has worse EVM than shaped QPSK at higher output power levels.

3. Conclusion
The observations noted earlier in the paper are reproduced here for convenience:

Observation 1: Shaped ZC has worse PAR than shaped pi/2 BPSK. 

Observation 2: A PA can typically transmit 2dB more power in shaped pi/2 BPSK, compared to SC QPSK, for a given EVM. 

Observation 3: A PA can typically transmit 2dB more power in shaped pi/2 BPSK, compared to ZC DMRS, for a given EVM.
Observation 4: Shaped ZC has worse EVM than shaped QPSK at higher output power levels.

Using ZC for DMRS effectively limits the output transmitted power to a value commensurate with QPSK. It nullifies the promise of increased Tx power by shaped pi/2 BPSK waveforms. 
In FR2, realistic UE design considerations of some UE vendors have threatened to suppress peak EIRP in QPSK to levels that will make network coverage an expensive proposition. Given the modest peak EIRP numbers proposed by various members for QPSK in FR2, it is ever more important to establish a waveform with significantly higher transmit power capability, compared to QPSK. 

Shaped pi/2 BPSK can deliver this additional power, but is currently held back by choice of ZC for DMRS. 
Proposal 1: We propose sending an LS to RAN1 to re-evaluate choice of DMRS in systems where shaped pi/2 BPSK is allowed.

See [2] for draft LS.
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