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Introduction
In RAN1 reflector, the alternatives for DMRS port multiplexing for different combs was discussed and the following alternatives have been listed: 
· Alt.1 pre-DFT block-OCC [X -X] and use length N  DFT and a single sequence set X
· Property: AC,XC,PAPR different for the two combs  (due to [X X] and [X -X])
· A single sequence set X design may take into account AC,XC and PAPR for both the XX and the X -X mapping, i.e. for mapping to any of the two combs
· Alt.2 Rel-15 Type 1 Mapping with a single sequence  set X, i.e., sequence X in time domain gives same frequency domain sequence on both combs
· Property: AC,XC same on both combs, PAPR different for the two combs
· Mapping to 2nd  comb can be implemented either pre-DFT (by applying exp(j*2*pi*n/N))  or post-DFT (direct mapping to 2nd comb)
· A single sequence set X may be designed independently of which comb is assumed with respect to XC,AC properties since resulting XC and AC will be the same for each  comb
· However, the single sequence set X may be designed to take into account PAPR for mapping to any of the two combs since PAPR will differ between the two combs assuming  same FDSS filter
· Alt.3 With two different sequence sets X1 and X2 to be used use for first and second comb respectively, further categorized into
· Alt.3-a: As in Alt.1 where instead two sequence sets X1 and X2 are designed for use as [X1 X2] or [X2 -X2] for the two combs respectively  in order to optimize XC,AC and PAPR per comb
· Alt.3-b: As in Alt.2 where instead two sequence sets X1 and X2 are designed for each of the two combs respectively in order to optimize XC,AC  and PAPR per comb
· Alt.4 Pre-DFT symbol level OCC and use length N  DFT (e.g. [++++…], [+-+-+-+-]) 
· See R1-1901792

In this contribution, we discuss the remaining details on DMRS for length 6 sequences with 8-PSK modulation and DMRS port multiplexing for different combs.
Discussion
The sequence set for DMRS with length 6 on 8-PSK constellation in Rel. 16 should be signals with low PAPR/CM, low cross-correlation among all DMRS signals, sufficiently larger zero autocorrelation zone for accurate estimation of the channel taps, and high frequency flatness to be compatible with spectral requirements [2]. For a rigorous analysis, we define the following metrics:
1) Metric 1 [dB]: Maximum PAPR within the set. 
2) Metric 2 [dB]: Maximum cubic metric (CM) within the set. The CM is calculated via the formula [1] given by

3) Metric 3: Maximum peak cross-correlation with another DMRS signal to measure the inter-cell interference. The cross-correlation between two different DMRS sequences should be as low as possible. The interfering UE signals may not be perfectly aligned in time to the desired UE signal in various deployment scenarios, e.g., a deployment which includes different cell sizes, or sophisticated interference scenarios as in V2X networks. In addition, the interfering signal may be exposed to additional shift in time due to the multipath channel. Hence, the cross-correlation calculation should consider all shifts in time to guarantee the protection against interference, which corresponds to a stringent constraint, i.e., minimization of the cross-correlation considering shifts in time. To measure the maximum peak cross-correlation, we consider Method 1 described in [1].
4) Metric 4: Cyclic autocorrelation of the DMRS sequences before DFT precoding for {-1,1} lags to measure if a zero-auto correlation zone exists at {-1,1} lags. If a zero-auto correlation zone exist, it means that the receiver can estimate frequency domain spectral shaping filter accurately in time on these lags to perform a better equalization in some implementations. A larger zero-auto correlation zone may not be needed for length 6 sequences because of low channel selectivity within one PRB.
Different user-multiplexing methods are discussed in RAN1 reflector. For Alt. 1, first, a sequence is chosen from a sequence set based on sequence index  and then the chosen sequence is modulated [5]. To enable Type 1 mapping, the resulting output is repeated twice and multiplied with unit-norm coefficients  and , where  for one UE and  for another UE (i.e., OCC). The sequence is then processed by blocks in DFT-s-OFDM with FDSS. Although this method enables Type 1 mapping, it can change the auto-correlation and cross-correlation properties of the sequence sets and may require two different sets for two different OCCs, which is not desirable from the standards perspective. The shortcoming of this method can be addressed effectively by simply shifting the sequence in frequency by using Alt. 2. As illustrated in Figure 2‑1, the sequence is first chosen from a sequence set based on sequence index  and then the chosen sequence is modulated. After the resulting output is repeated twice, the repeated sequence is precoded by a DFT precoder and the output of the DFT is shifted by the UE index to enable Type 1 mapping. This simple approach does not change the properties of the sequence sets. Because of the sequence is not symmetric in frequency, the same FDSS may lead to different PAPR results for two different combs. However, our analysis shows that this can be address by 1) designing a good filter for both DMRSs and data on different combs, or 2) two different FDSS filters optimized for two different ports. Our analysis shows that both implementation-based approaches lead to feasible results, i.e., the amount of the PAPR difference between the DMRS and data symbols is negligible. Alt 3 requires two different sequence sets while Alt. 4 can change the sequence properties. Hence, Alt. 2 should be adopted. 
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[bookmark: _Ref4516510]Figure 2‑1 Type 1 DMRS mapping with shift without losing the properties of the sequence set
Proposal 1: To enable Type 1 DMRS mapping without losing the properties of the sequence sets, the sequence in frequency should be shifted and one DMRS port per comb (Alt. 2) is supported.
Comparison
Based on the above metrics, we propose the sequence set for length 6 as given in the Appendix. We compare the proposed sequence sets rigorously with ones provided in [3] and [4] for length 6 with 8-PSK. For our analysis, we consider the following frequency domain spectral shaping (FDSS) designs with the following filters 
· FDSS1: [0.28, 1, 0.28]
· FDSS2: [-0.2655-0.0891i, 1, -0.2655+0.0891i]
· FDSS common: [-0.2698-0.0750i, 1, -0.2698+0.0750i]

PAPR/CM
In Figure 2‑2, we provide PAPR results for DMRS and data for the first port with FDSS1 and the second port for FDSS2. The result indicates that there exist filters that can minimize the PAPR without redesigning the complete sequence sets. In Figure 2‑3, we use a common FDSS for both ports and data. The results show that the PAPR difference between data and DMRS is approximately 0.3 dB for both ports. Hence, the PAPR issue of Alt. 2 can be effectively addressed with a proper design of the FDSS filter without redesigning sequence set for the second antenna port.  
In Figure 2‑4 and Figure 2‑5, we provide the CCDF of PAPR and the CCDF of CM for the different sequence sets for the first port with FDSS 1. The maximum PAPR is approximately 2.1 dB for the proposed sequence set and the sets given in [3] and [4] for length 6 with 8-PSK. The maximum CMs are less than 1 dB for different options. 
  [image: ]

[bookmark: _Ref4517845]Figure 2‑2 PAPR results for DMRS and Data for Comb 1 with FDSS1 and Comb 2 with FDSS2
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[bookmark: _Ref4517847][bookmark: _GoBack]Figure 2‑3 PAPR results for DMRS and Data for Comb 1 and Comb 2 with common FDSS
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[bookmark: _Ref534722808]Figure 2‑4 PAPR comparison
[bookmark: _Ref534722939][image: ]
[bookmark: _Ref883112]Figure 2‑5 CM comparison 
Inter-cell Interference
In Figure 2‑6, we provide the distribution of the peak cross correlation. The sequence sets provided in [3] and [4] approximately yield to a maximum correlation of 0.98. On the other hand, the proposed sequence set improves the inter-cell interference performance by reaching 0.93. The proposed set is superior to the other options in terms of maximum peak cross-correlation.
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[bookmark: _Ref534725895]Figure 2‑6 Peak cross-correlation comparison

Zero-correlation Zone 
In Figure 2‑7, we compare the availability of zero-correlation zones at {-1,1} (before DFT-s-OFDM) by providing the distribution of the periodic autocorrelation results for the corresponding lags. As shown in Figure 2‑7, the proposed sets and the sets in [3] and [4] lead to a maximum correlation of 0.23. Therefore, the proposed sequences and the sets in [3] and [4] may yield reliable FDSS estimation at the receiver. 
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[bookmark: _Ref534729062]Figure 2‑7 Zero-cross correlation comparison ({-1,1} shifts)
Summary
In Table 2‑1, we summarize our results from the previous sections. Based on these results, we have the following observation:
Observation 1: The sequence sets given in Appendix for length 6 yield very good inter-cell interference performance while providing lower auto correlation and lower PAPR and CM results than those proposed in [3] and [4] or similar.
[bookmark: _Ref534717365]Table 2‑1 Performance of the proposed sequence sets 
	
	Max. PAPR [dB]
	Max. CM 
[dB]
	Max Auto Corr.
	Max Auto Corr. 
[-1,1]

	Ericsson [3]
	2.27
	0.70
	0.90
	0.24

	Qualcomm [4]
	2.19
	0.84
	0.90
	0.24

	InterDigital
	2.08
	0.81
	0.80
	0.24



Proposal 2: NR should adopt the DMRS sequence sets given in Appendix for length 6 for 8-PSK with DFT-spread OFDM data transmission.

Conclusion
In this contribution, we propose the followings based on the evaluation results and observations:
Proposal 1: To enable Type 1 DMRS mapping without losing the properties of the sequence sets, the sequence in frequency should be shifted and one DMRS port per comb (Alt. 2) is supported.
Proposal 2: NR should adopt the DMRS sequence sets given in Appendix for length 6 for 8-PSK with DFT-spread OFDM data transmission.
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Appendix
[bookmark: _Toc533172250]Length 6 (Modulation: 8-PSK)

[bookmark: _Ref533003185]Table 5‑1 8-PSK based sequence set (length 6)
	Sequence index 
	Sequences 
	PAPR @ Comb 1 with FDSS1 [dB]
	PAPR @ Comb 2 with FDSS1 [dB]
	PAPR @ Comb 2 with FDSS2 [dB]
	PAPR @ Comb 1 with common FDSS [dB] 
	PAPR @ Comb 1 with common FDSS [dB]

	1
	-7
	-3
	-5
	5
	1
	5
	1.9849
	2.174
	1.516
	2.534
	1.386

	2
	-7
	-3
	-7
	3
	-7
	5
	2.0691
	2.074
	2.094
	2.018
	2.096

	3
	-7
	-5
	-1
	7
	3
	-3
	1.8785
	2.441
	1.948
	2.358
	2.032

	4
	-7
	-3
	-7
	7
	-5
	-1
	1.6126
	1.915
	1.693
	1.487
	1.722

	5
	-7
	-7
	-1
	5
	5
	-1
	2.0359
	2.773
	2.392
	2.534
	2.478

	6
	-7
	-5
	5
	1
	7
	-5
	1.9941
	2.583
	2.203
	1.921
	2.262

	7
	-7
	-5
	5
	3
	-3
	3
	1.993
	2.633
	2.223
	2.268
	2.296

	8
	-7
	-5
	7
	-3
	3
	1
	2.0315
	2.487
	2.204
	2.058
	2.253

	9
	-7
	-5
	5
	3
	-7
	-1
	1.7437
	2.282
	1.927
	1.728
	1.987

	10
	-7
	-7
	3
	5
	1
	5
	2.0476
	2.201
	2.014
	2.124
	2.012

	11
	-7
	-5
	3
	7
	5
	-1
	1.9506
	2.419
	2.032
	2.539
	2.106

	12
	-7
	-3
	3
	-1
	-5
	-1
	1.8003
	2.141
	1.877
	1.785
	1.908

	13
	-7
	-5
	7
	3
	1
	5
	2.0624
	3.332
	2.594
	1.925
	2.727

	14
	-7
	-5
	-1
	-3
	-7
	5
	2.0572
	2.541
	2.240
	1.968
	2.281

	15
	-7
	-3
	-7
	-1
	-7
	5
	2.0691
	2.074
	2.094
	2.018
	2.096

	16
	-7
	-5
	1
	7
	1
	-1
	1.9932
	2.633
	2.223
	2.267
	2.296

	17
	-7
	-5
	-7
	3
	-7
	-1
	2.0791
	2.365
	2.157
	2.004
	2.184

	18
	-7
	-5
	1
	-5
	-7
	3
	1.8853
	1.869
	1.908
	1.838
	1.907

	19
	-7
	-5
	1
	7
	1
	-5
	1.9919
	2.655
	2.083
	2.370
	2.183

	20
	-7
	-5
	5
	-1
	5
	3
	1.7902
	2.346
	1.927
	1.881
	1.987

	21
	-7
	-7
	-3
	1
	-3
	7
	1.9679
	2.669
	2.091
	2.688
	2.183

	22
	-7
	-3
	-7
	-3
	-5
	5
	1.6341
	2.149
	1.768
	1.619
	1.816

	23
	-7
	-5
	3
	-1
	5
	-5
	2.0206
	2.668
	2.264
	2.140
	2.335

	24
	-7
	-3
	-7
	-1
	3
	1
	1.966
	2.234
	2.026
	1.974
	2.051

	25
	-7
	-3
	3
	-1
	3
	-5
	1.9661
	2.234
	2.026
	1.975
	2.052

	26
	-7
	-5
	1
	-5
	5
	3
	1.8864
	2.008
	1.909
	2.090
	1.920

	27
	-7
	-5
	5
	-1
	-3
	1
	1.9507
	2.418
	2.032
	2.539
	2.107

	28
	-7
	-5
	-7
	3
	-3
	3
	1.9919
	2.655
	2.083
	2.370
	2.183

	29
	-7
	-5
	1
	-1
	5
	-1
	1.79
	2.345
	1.928
	1.881
	1.987

	30
	-7
	-5
	-7
	-1
	5
	-1
	2.0824
	2.651
	2.219
	2.601
	2.286



The modulation symbols are generated using . 
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