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1.	Introduction
As the last details for the core requirement are finishing, the start of the conformance work will now begin.  The development for waveform generations, also known as test models (TMs), are essential for the completion of conformance requirements.
The frame structure would need to be defined and which channels are to be included as part of the TM development are required for investigation.  The preliminary reference channels are most likely to be needed, DM-RS and CSI-RS.  The intention of this contribution is to highlight some preliminary findings specifically for DM-RS implementation.
2.	Discussion
The finalization of the DM-RS design has now been completed in RAN1.  The following is the specified DM-RS and CSI-RS component mapping to physical resources according to:






Where the quantities , ,  and are given by Tables 7.4.1.5.2-1 to 7.4.1.5.2-6 in the spec [2]. The quantity  is a scaling factor employed in order to conform to the power offset specified by a higher layer parameter. 
The time-domain locations  and are defined relative to the start of a slot with the starting positions of a CSI-RS in a slot   configured by the higher-layer parameter CSI-RS-ResourceMapping.
The value  is given by the higher-layer parameter CSI-RS-Density. 
Applying a simple crest factor reduction (CFR) algorithm, there is a noticeable difference in overall link performance experienced by the distortion caused by various clipping levels applied.
The following is a plot of the PAPR CCDF for different DM-RS RE mappings with the effect of different clipping thresholds applied.  The comparison between the current RAN1 approved RE mapping with various clipping thresholds shows the probability to have high distortion impact due to high PAPR.  In the next section of this contribution, the overall link performance impact is shown due to the DM-RS mapping.
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Figure 2: PAPR CCDF According to Mapping described in Figure 1

2.1 Link Performance Simulation Results
The link evaluations performed, initial results of which are shown below, focus on the impact due to PAPR and needed CFR applied.  The scenario focuses only on one numerology, 20 MHz bandwidth with 15 kHz SCS.
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Figure 3: DM-RS patterns for DL 2CDM groups (2 Layers) Front Loaded and Front and Back Loaded (Pattern 1 and 2) 
	
In NR, several DM-RS patterns are supported where each pattern has different density in time (number of occupied OFDM symbols). In Figure 2, the two DM-RS patterns with two CDM groups (blue and red) are shown, single symbol (left) and two symbol (right).  
The intension of this contribution is to illustrate the impact due to the effect of PAPR with the current DM-RS sequence implementation and not the impact of channel estimation.  DM-RS are used to estimate the channel, and as past contributions have shown the effect of only single symbol DM-RS is not sufficient with minimal RF impairments in a typical channel scenario.  
For the lower MCS the distortion experienced by the CFR does not impact the overall link performance and as such the difference in DM-RS RE mapping is not critical.  However, with the higher MCS, 64 QAM and 256 QAM this is not the case.  A simple change between the two RE mappings allows for a large difference in overall throughput for high SINR for 256 QAM.  With lower SNR, one can see that at 64 QAM this difference is also be noticeable.
The analysis shows, as we see that the with a lower CFR threshold the impact is even more pronounced.  Using the current RAN1 design, DM-RS RE mapping and power level clipping of 6dB and 9 dB is applied, the throughput is observed to degrade significantly with respect to its counterpart of no clipping.  This is a significant degradation in performance compared to the performance.
[bookmark: _GoBack]In figure 4 and 5, initial analysis for QPSK, 16 QAM and 64 QAM is shown.  As it’s expected the impact due to the distortion introduced by the 6 dB and 9 dB clipping thresholds is not as severe at the lower MCS, it’s still a noticeable impact is still detected.
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Figure 4: Throughput as function of SNR with MCS corresponding to 64-QAM modulation and code rate 0.75
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Figure 5: Throughput as function of SNR with MCS corresponding to 16-QAM and QPSK modulations, and code rate 0.5

3.	Conclusions
In conclusion, the contribution shows the link performance impact to the current RAN1 DM-RS design.  The PAPR increase impact induced by current DM-RS design considering the BS seems to be significant and thus RAN1 consideration on mitigating this issue is necessary.
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