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Introduction
The following agreements were made in previous RAN1meeting: 
From RAN1 AH1901:
Agreement:
For length 6 CGS; 8-PSK is used

From RAN1 #96:
Agreement
For the case of CGS sequence in case of two adjacent symbol DMRS, the same CGS sets are used for both single and two symbol DMRS for pi/2 BPSK modulation.
· FFS: Whether or not to support deterministic sequence hopping pattern

Agreement
The PUSCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUSCH is up to two ports for one OFDM symbol, four ports (TD-OCC across OFDM symbols) for two OFDM symbols.
Note: Qualcomm showed strong concern on the benefits of pi/2 BPSK due to this agreement


In this contribution, we discuss length 6 CGS for time domain π/2-BPSK based DMRS, UE port multiplexing, and power imbalance issues. 
Low PAPR DMRS for DFT-s-OFDM
Two remaining issues for low PAPR DMRS for DFT-s-OFDM are (1) Sequence mapping for the 2nd comb and (2) Length 6 CGS. In this section, we provide our views on both topics.

Sequence mapping for the 2nd comb
Four alternatives are mentioned in email discussion regarding mapping for second comb:
· Alt.1 pre-DFT block-OCC [X -X] and use length N DFT
· Alt.2 Rel-15 Type 1 Mapping i.e., sequence X in time domain gives same frequency domain sequence on both combs
· Alt.3 As in Alt.2 but with different sequences of first and second comb
· Alt.4 Pre-DFT symbol level OCC and use length N DFT (e.g. [++++…], [+-+-+-+-])
where Alt.1/Alt.2/Alt.4 are approaches based on a single sequence/CGS set while Alt.3 requires two sequence/CGS sets, one for each comb.
The sequence mapping rule should be applied for all length≥30 and length<30. In our view, though by Alt.3 it can further optimizes sequence properties (PAPR, auto-correlation, cross-correlation) for the 2nd comb, it is inappropriate to define separate sets for all lengths in the standard if a single set can be found with good performance.

Some comparisons between Alt.1 and Alt.2:
· Alt.1 has advantage that operation can be done easily in time domain while use length N DFT (same as data) while Alt.2 uses length N/2 DFT.
· With block-OCC [X -X] in Alt.1, auto-correlation can be changed so that sequences in different comb exhibit unequal performance. On the other hand, Alt.2 is a shift in frequency domain, which can be shown the 2nd sequences have the same auto-correlation as the 1st comb.
For high mobility cases, the wireless channel may undergo rapid changes. In those cases, if the differentiation of two ports depending on block level spreading alone (e.g. as in Alt. 1), gNB may have difficulty to estimate the channels for two ports correctly. Alt. 4 addresses such an issue with symbol level OCC [++++…], [+-+-+-+-].
Actually, Alt.4 can be compatible with Alt. 1 or Alt. 2 by considering two sub-types:
The Alt. 4-a:
 Mask sequences for two ports are provided below for Alt. 4-a:
Port 0:  
Port 1: 
As a reference, the mask sequences for two ports for Alt. 1 can be captured below:
Port 0:  
Port 1: 
The Alt. 4-b:
Mask sequences for two ports are provided below for Alt. 4-b:
Port 0:  
Port 1: 
The mask sequences for two ports for Alt. 2 can be captured below:
Port 0:  
Port 1:  
Note that the time domain phase ramp () can be also done in frequency domain shift if length N/2 DFT is available.
Moreover, as  is a DFT basis, Section 5 shows that for a given sequence set, the resulting sequence by Alt.4-a (resp. Alt.4-b) will have the same auto-correlation property as Alt.1 (resp. Alt.2). 
Proposal 1: For π/2-BPSK based DMRS in Rel-16, support Alt.4-a or Alt.4-b for sequence mapping of the 2nd comb. 
Length 6 CGS
Due to a short length, binary sequence with length 6 cannot provide 30 candidates with desired properties. In RAN1 AH1901 meeting, it is agreed to use 8PSK for length 6 sequence.

In this section, we provide our results of 8PSK length 6 CGS in Table 1. The sequence  is then passing to DFT-s-OFDM modulator to get DMRS waveform. The search strategy follows the same procedure as in [1] with auto-correlation in delay window [-1,1] and cross-correlation in window [-1,0,1]. 30 sequences are picked with less cross-correlation and avoid any pair of sequences are circular shift version to each other. The proposed sequences are applicable to Alt.1/Alt.2/Alt.4-a/Alt.4-b discussed in the previous section.

[bookmark: _Ref1032203]Table 1. 8PSK Length 6 CGS

	u
	 
	PAPR (dB)

	0
	     1     3     1     7    -3    -7
	    2.0214

	1
	     1     3     1    -5     5    -7
	    1.9297

	2
	     1     3    -3     7     5    -7
	    1.9507

	3
	     1     5     3    -3     7    -7
	    1.9507

	4
	     1     5    -1    -7     7    -7
	    1.9298

	5
	     1    -3     1    -3     1    -3
	    1.8257

	6
	     1    -3     3    -7     7    -7
	    2.0214

	7
	     1    -3    -7    -3     1     5
	    0.7838

	8
	     1    -3    -7    -3     1    -3
	    1.5331

	9
	     1    -3    -7    -3    -7    -3
	    1.5333

	10
	     1    -1     1     5    -5     7
	    1.9143

	11
	     1    -1     1    -5     7    -3
	    1.9943

	12
	     1    -1     3     7     1     5
	    1.6125

	13
	     1    -1     3     7     1    -3
	    1.8358

	14
	     1    -1     3     7     3     7
	    1.4624

	15
	     1    -1     3     7     3    -3
	    1.4418

	16
	     1    -1     3     7    -5     7
	    1.9852

	17
	     1    -1     3    -7     5    -1
	    1.9942

	18
	     1    -1     3    -3     1     5
	    1.7817

	19
	     1    -1     3    -3     1    -3
	    1.7821

	20
	     1    -1     3    -3    -7    -3
	    1.4418

	21
	     1    -1     3    -1     3     7
	    1.6341

	22
	     1    -1     3    -1     3    -3
	    1.7821

	23
	     1    -1     3    -1    -7    -3
	    1.8359

	24
	     1    -1    -7     5    -7    -3
	    1.9853

	25
	     1    -1    -7     5    -5    -1
	    1.9144

	26
	     1    -1    -7    -3     1    -3
	    1.6341

	27
	     1    -1    -7    -3    -7    -3
	    1.4624

	28
	     1    -1    -5    -1     3    -3
	    1.7817

	29
	     1    -1    -5    -1    -7    -3
	    1.6126




Statistics of PAPR, normalized auto-/cross-correlation of 30 sequences in Table 1 are shown in Figure 1-Figure 3 and Table 2-Table 4, which also shows the numbers of Rel-15 CGS as a baseline.
Proposal 2: For length 6, NR Rel-16 supports sequences in Table 1 as DMRS for π/2-BPSK modulation PUSCH.
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[bookmark: _Ref1035209]Figure 1. CCDF of power to average power ratio
[bookmark: _Ref1035259]Table 2. Statistics of PAPR (* with FDSS [-0.28 1.0 -0.28])
	
	mean
	Max
	Min

	Rel-15
	3.19
	3.75
	2.39

	Proposed*
	1.75
	2.02
	0.78
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Figure 2. CDF of auto-correlation in [-1,1]
[bookmark: _Ref1056518]Table 3. Auto-correlation in [-1,1]
	
	mean
	Max

	Rel-15
	0
	0

	Proposed
	0.09
	0.18




[image: ]
[bookmark: _Ref1035243]Figure 3. CDF of cross-correlation in [-1,0,1]
[bookmark: _Ref1035267]Table 4. Cross-correlation in [-1,0,1]
	
	mean
	Max

	Rel-15
	0.38
	0.91

	Proposed
	0.38
	0.96





Power imbalance
The existing power imbalance issues (between OFDM symbols and between RE in same OFDM symbol) increase signal dynamic range unnecessarily. On transmitter side, it decreases PA efficiency and could also has side effect on OOB spectrum emission (see [8]). On receiver side, large symbol-to-symbol power imbalance could also complicate AGC design. Therefore, we think it need to be fixed in Rel-16.
One approach is to apply a port-specific phase (e.g. pseudo-random phase) on each DMRS port. This can be done by an implementation-based solution, i.e., transmitter apply phase rotation on the transmitted signal and is transparent to receiver, or it can be explicitly specified in the specification. If we go with implementation-based solution in RAN1, then a downlink waveform with power imbalance is still an allowed waveform and UE receiver might still be expected to handle such a waveform to avoid handling such cases, then it should be clarified that a UE is not expected to handle waveforms with power imbalance. 
We think RAN1 should notify RAN4 for the power imbalance issue and pursue further discussion based on RAN4’s feedback.
Proposal 3: RAN1 notifies RAN4 for the power imbalance issue. Pursuit a specification solution based on RAN4’s feedback.

Conclusions
Proposal 1: For π/2-BPSK based DMRS in Rel-16, support Alt.4-a or Alt.4-b for sequence mapping of the 2nd comb.

Proposal 2: For length 6, NR Rel-16 supports sequences in Table 1 as DMRS for π/2-BPSK modulation PUSCH.

Proposal 3: RAN1 notifies RAN4 for the power imbalance issue. Pursuit a specification solution based on RAN4’s feedback.

[bookmark: _Ref1051605]Auto-correlation with DFT basis TD-OCC
Circular auto-correlation function for sequence  can be written as

Take DFT on both side of above equation, we have expression in frequency domain:
where .
Now consider  is a DFT basis, i.e., , for some . The sequence obtained by  a circular shift version of  in the frequency domain, i.e., 

 has its conjugated time reversal sequence  which has frequency domain response

Similarly, the autocorrelation function of  denoted by  is  and we have in frequency domain:

The last equation implies in time domain, auto-correlation function of :

Therefore,  for . 
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