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Introduction
In RAN1 AH-1901 meeting, low PAPR DMRS was discussed and the following agreements were made[1]: 
Agreement:
For length 6 CGS; 8-PSK is used
Decide the associated sequences in the next RAN1 meeting	
Conclusion
Multiple companies in RAN1 have identified a power imbalance issue due to the some combinations of Rel.15 DMRS and some MIMO precoding matrices
· For example, it may occur for some cases of two symbol DMRS and two or four layer MIMO for a UE 
· Some companies claim this can be avoided by implementation based solutions for PDSCH and PUSCH

Agreement
For one OFDM symbol DMRS and for PUSCH with pi/2 BPSK modulation, down select among the following alternatives
· Alt.0: Only a single DMRS port is supported (one comb is used)
· Alt.1: One DMRS port per comb is supported (in total 2 ports)
· Alt.2: Support two DMRS ports per comb (in total 4 ports) 
· Study may take UL timing misalignment into account

In this contribution, we discuss our views on the DMRS for length 6 sequences with 8-PSK modulation.
Discussion
We believe that 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 [4]. 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 [3] 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 [3].
4) Metric 4: Cyclic autocorrelation of the DMRS sequences before DFT precoding for all lags to measure the frequency fluctuations. If a DMRS sequence is unimodular in frequency, i.e., perfect frequency flatness, the DMRS sequence before DFT-precoding would be orthogonal to its integer modulated versions in frequency. In other words, the better cyclic autocorrelation before DFT precoding means the better frequency flatness.
5) Metric 5: 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.
6) Metric 6: Maximum cyclic autocorrelation of the DMRS sequences before DFT precoding for all lags to measure the flatness in frequency. Note that if the sequence is flat in frequency, the maximum cyclic autocorrelation of the sequence in time is 0 for non-zero lags. 
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 [5], [6], and [7] for length 6 with 8-PSK. For our analysis, we consider frequency domain spectral shaping (FDSS) with a filter of [0.28, 1, 0.28]. 
PAPR/CM
In Figure 2‑1 and Figure 2‑2, we provide the CCDF of PAPR and the CCDF of CM for the sequence sets. The maximum PAPR is approximately 2.1 dB for the proposed sequence set and the sets given in [6] and [7] for length 6 with 8-PSK, while the sequence sets proposed in [5] result in maximum PAPR values of 3 dB and 4 dB for different sequence options for different DMRS ports. The maximum CMs are less than 1 dB for different options compared to the sets provided in [5]. 
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[bookmark: _Ref534722808]Figure 2‑1 PAPR results
[bookmark: _Ref534722939][image: ]
[bookmark: _Ref883112]Figure 2‑2 CM results
Inter-cell Interference
In Figure 2‑3, we provide the distribution of the peak cross correlation. The maximum peak cross correlation for the sequence sets proposed in [5] reaches to 1. Hence, these sets include at least two sequences that become very similar to each other for certain shifts in time. The sequence sets provided in [6] and [7] 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 2‑3 Peak cross-correlation results 

Zero-correlation Zone 
In Figure 2‑4, we compare the availability of zero-correlation zones at {-1,1} and of all lags (before DFT-s-OFDM) by providing the distribution of the periodic autocorrelation results for the corresponding lags. 
· As shown in Figure 2‑4a, some of the sequences in sets for DMRS ports given in [5] for length 6 cause very high auto correlation for +1 and - 1 lags and result in a maximum correlation that can reach to 0.7. On the other hand, the proposed sets and the sets in [6] and [7] lead to a maximum correlation of 0.23. Therefore, the proposed sequences and the sets in [6] and [7] yield more reliable FDSS estimation at the receiver. 
· When all shifts are considered, the proposed set maintains a maximum periodic auto correlation of less than 0.8. However, the set in [5] results in 1 and 0.75 for two options, while both of the sets in [6] and [7] offer 0.9 for the maximum periodic auto correlation, as shown in Figure 2‑4b. Hence, the proposed sets provide good results in terms of auto correlation as compared to [6] and [7], which are indicative of better flatness in frequency.
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a) {-1,1} shifts
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b) All shifts
[bookmark: _Ref534729062]Figure 2‑4 Zero-cross correlation results
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 [5], [6], and [7] 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]
	Max. Xcorr

	Huawei – Port 1 [5]
	2.97
	0.88
	1.00
	0.67
	1.00

	Huawei – Port 2 [5]
	4.03
	2.04
	0.75
	0.67
	1.00

	Ericsson [6]
	2.27
	0.70
	0.90
	0.24
	0.98

	Qualcomm [7]
	2.19
	0.84
	0.90
	0.24
	0.98

	InterDigital
	2.08
	0.81
	0.80
	0.24
	0.93



Proposal 1: NR should adopt the DMRS sequence sets given in Appendix for length 6 for 8-PSK with DFT-spread OFDM data transmission.

User Multiplexing 
[bookmark: _Hlk533004444]A transmitter block diagram for DMRS compatible with Type 1 mapping is given in Figure 2‑5. First, a sequence is chosen from a sequence set based on sequence index  and then the chosen sequence is modulated with -BPSK [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 standard perspective.
[image: ]
[bookmark: _Ref532994671][bookmark: _Ref532994668]Figure 2‑5 Type 1 DMRS mapping with OCC
The shortcoming of the method in Figure 2‑5 can be addressed effectively by simply shifting the sequence in frequency. As illustrated in Figure 2‑6, the sequence is first chosen from a sequence set based on sequence index  and then the chosen sequence is modulated with -BPSK. 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. Hence, we support Alt. 1.
[image: ]
[bookmark: _Ref534636005]Figure 2‑6 Type 1 DMRS mapping with shift without losing the properties of the sequence set
Proposal 2: 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. 1) is supported.
Conclusion
In this contribution, we propose the followings based on the evaluation results and observations:
Proposal 1: NR should adopt the DMRS sequence sets given in Appendix for length 6 for 8-PSK with DFT-spread OFDM data transmission.
Proposal 2: 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. 1) is supported.
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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 

	1
	-7
	-3
	-5
	5
	1
	5

	2
	-7
	-3
	-7
	3
	-7
	5

	3
	-7
	-5
	-1
	7
	3
	-3

	4
	-7
	-3
	-7
	7
	-5
	-1

	5
	-7
	-7
	-1
	5
	5
	-1

	6
	-7
	-5
	5
	1
	7
	-5

	7
	-7
	-5
	5
	3
	-3
	3

	8
	-7
	-5
	7
	-3
	3
	1

	9
	-7
	-5
	5
	3
	-7
	-1

	10
	-7
	-7
	3
	5
	1
	5

	11
	-7
	-5
	3
	7
	5
	-1

	12
	-7
	-3
	3
	-1
	-5
	-1

	13
	-7
	-5
	7
	3
	1
	5

	14
	-7
	-5
	-1
	-3
	-7
	5

	15
	-7
	-3
	-7
	-1
	-7
	5

	16
	-7
	-5
	1
	7
	1
	-1

	17
	-7
	-5
	-7
	3
	-7
	-1

	18
	-7
	-5
	1
	-5
	-7
	3

	19
	-7
	-5
	1
	7
	1
	-5

	20
	-7
	-5
	5
	-1
	5
	3

	21
	-7
	-7
	-3
	1
	-3
	7

	22
	-7
	-3
	-7
	-3
	-5
	5

	23
	-7
	-5
	3
	-1
	5
	-5

	24
	-7
	-3
	-7
	-1
	3
	1

	25
	-7
	-3
	3
	-1
	3
	-5

	26
	-7
	-5
	1
	-5
	5
	3

	27
	-7
	-5
	5
	-1
	-3
	1

	28
	-7
	-5
	-7
	3
	-3
	3

	29
	-7
	-5
	1
	-1
	5
	-1

	30
	-7
	-5
	-7
	-1
	5
	-1



The modulation symbols are generated using . 
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