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Introduction
[bookmark: _GoBack]The following agreement on length-6 CGS design was made in RAN WG1# 96:
	Agreement:
For length 6 CGS; 8-PSK is used
Decide the associated sequences in the next RAN1 meeting



Subsequently, an email discussion identified the following alternatives for comb generation for /2-BPSK DM-RS sequence mapping:
	
· 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 (Alt. 1-b in [1]):  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 (Alt. 2-b in [1]):  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


Based on the above four alternatives, 9 companies have submitted sequences for Alt. 2 [1]-[9]. Of the companies, Huawei/HiSilicon [1] has submitted sequences for Alt. 3-b (also labelled Alt. 2-b in [1]) and MediaTek [6] has submitted sequences for Alt. 4, which are also applicable to Alt. 2. This paper proposes a possible joint proposal for CGS design based on the submitted CGS from all companies for Alt. 2. 
Joint Proposal on Length-6 CGS Design 

In this section, a joint proposal on Length 6 CGS design for /2-BPSK modulated PUSCH/PUCCH DMRS is provided for Alt. 2 based CGS design. For all provided sequences [1]-[9], the merge was performed considering the following:
1. Sequences providing PAPR < 2.2 dB across both port 0 and port 2 (comb 0 and 1) were considered for the sequence merge from all companies. 
2. For Huawei/HiSilicon’s sequences, since this proposal adopts a single sequence set design, from the set of 30 (port 0) + 30 (port 2) sequences provided in [1], sequences which provide PAPR < 2.2dB across both ports were considered. 
3. Final sequence merge was performed to optimize the pairwise cross-correlation. The method of calculation of cross-correlation is provided in [5]. 
4. Since 9 companies provided sequences, the following method was adopted for a fair merge:
a. Three best sequences from each company were first considered to produce a set of 27 CGS sequences. 
b. The remaining sequences from all companies were then grouped together and the last 3 sequences were chosen based on best pair-wise cross-correlation with the first set of 27 sequences. It was also ensured that one sequence per company was chosen for the last 3 sequences. 

Table 1: Possible Joint Proposal on Length 6 Time Domain 8-PSK CGS Sequences with Cross-Correlation measured
Without Pulse Shaping
	u
	

	Company
	Port 0 PAPR
	Port 2 PAPR
	Auto-Correlation 
(2 Lags)

	
	
	
	
	
	Mean
	Max

	0
	    -1    -7    -3    -5    -1     3
	    'Ericsson'
	    1.4325
	    1.9940
	0.1920
	0.3333

	1
	    -1     3     7    -3     7     3
	    'Ericsson'
	    2.1216
	    1.9257
	
	

	2
	    -1     3     1     5    -1    -5
	    'Ericsson'
	    1.4389
	    2.1721
	
	

	3
	    -7    -3    -7     5    -7    -3
	    'Intel'
	    1.4590
	    2.1339
	
	

	4
	     7     5    -1    -7    -3     1
	    'Intel'
	    1.6768
	    1.7573
	
	

	5
	     3    -3     1     5    -1    -1
	    'Intel'
	    1.8115
	    1.8095
	
	

	6
	    -7    -3    -7    -3     7    -5
	    'Qualcomm'
	    1.7101
	    1.9336
	
	

	7
	    -7    -3     1    -5    -1    -5
	    'Qualcomm'
	    1.7194
	    2.0794
	
	

	8
	    -7    -3     3    -3    -7    -3
	    'Qualcomm'
	    1.5071
	    1.8377
	
	

	9
	    -7    -7    -1     1    -5     1
	    'ZTE'
	    1.9335
	    1.7211
	
	

	10
	    -7    -3    -7     5    -1     5
	    'ZTE'
	    1.9850
	    1.6231
	
	

	11
	    -7    -7    -3     1     5    -1
	    'ZTE'
	    2.1848
	    1.2848
	
	

	12
	     5     7    -3    -5     5    -5
	    'vivo'
	    2.1572
	    2.0922
	
	

	13
	    -3     7    -5    -1    -5    -1
	    'vivo'
	    1.5625
	    2.0833
	
	

	14
	     5    -7     7     1     5     1
	    'vivo'
	    1.5052
	    1.9961
	
	

	15
	    -7     3     1     5    -1     3
	    'LGE'
	    1.8189
	    1.8241
	
	

	16
	    -7    -5    -1    -7    -5     5
	    'LGE'
	    1.4995
	    1.1104
	
	

	17
	    -7     1    -3     3     7     5
	    'LGE'
	    1.7833
	    2.0652
	
	

	18
	    -7    -7     3     5     1     5
	    'InterDigital'
	    1.9485
	    2.0536
	
	

	19
	    -7    -3     3    -1     3    -5
	    'InterDigital'
	    1.8685
	    2.1465
	
	

	20
	    -7    -5     5     3    -7    -1
	    'InterDigital'
	    1.6192
	    2.1360
	
	

	21
	     1     5     1     5     3     7
	    'Huawei'
	    1.6842
	    1.9050
	
	

	22
	     1    -3     1    -5    -1     3
	    'Huawei'
	    1.5774
	    1.8360
	
	

	23
	     1     7     1    -5    -7    -1
	    'Huawei'
	    1.8286
	    1.8903
	
	

	24
	     1    -1     3    -1    -7    -3
	    'Mediatek'
	    1.8506
	    2.0336
	
	

	25
	     1    -1    -5    -1     3    -3
	    'Mediatek'
	    1.7193
	    2.0490
	
	

	26
	     1    -1     3    -1     3     7
	    'Mediatek'
	    1.5971
	    2.0380
	
	

	27
	    -5     3     7     5     3     7
	    'Intel'
	    1.9308
	    1.9670
	
	

	28
	    -7     1    -3     1     5     1
	    'LGE'
	    1.9432
	    1.9263
	
	

	29
	     1     5     3    -7     5    -3
	    'Huawei'
	    2.0832
	    1.8265
	
	


	

[image: ]
Figure 2: CDF of Maximum Pairwise Cross-Correlation with 8x Oversampling for Sequences in Table 1. The cross-correlation is maximum measured across both Port 0 and Port 2. 
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