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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]In last meeting, it has been agreed for DMRS sequence design for low PAPR in [1] that
	Agreement:
For length 6 CGS; 8-PSK is used
Decide the associated sequences in the next RAN1 meeting
Agreement
When Rel-16 sequence for pi/2 BPSK PUSCH DMRS is configured, the Rel-16 sequence is used for all sequence lengths.
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
For CP-OFDM, if Rel.16 DMRS is configured by RRC, it only applies when scheduled by DCI formats 0_1 and 1_1 or with a PUSCH transmission with configured grant.
· Note: It is up to the editor whether/how to capture this agreement
Agreement
If Rel-16 DMRS is configured by RRC for PUSCH with pi/2 BPSK modulation, the Rel-16 DMRS applies when scheduled by DCI formats 0_1 and 0_0 and using at least C-RNTI, CS-RNTI, SP-CSI-RNTI and MCS-C-RNTI, when applicable or PUSCH transmission with configured grant
· Search space for DCI format 0_0: Rel-16 DMRS for at least USS is supported
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
Agreement
The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port
Note: Qualcomm showed strong concern on the benefits of pi/2 BPSK due to this agreement
Agreement
· For PUSCH DMRS with pi/2-BPSK modulation, two RRC parameters ScramblingID0 and ScramblingID1 can be configured by RRC as for CP-OFDM DMRS (16 bit per ID)
· Used in cinit for length ≥30 as n_ID^{n_SCID=0}, n_ID^{n_SCID=1}
· For length<30, these parameters are used as N_ID^PUSCH is configured as either ScramblingID0 or ScramblingID1 depending on DCI
· DCI indicates n_SCID={0,1} dynamically, without increasing DCI size to select the above parameter
· Antenna port indication is re-used for n_SCID indication as follows:
· DMRS port 1000,1002,1004 and 1006 are interpreted as port 1000,1002,1004 and 1006, respectively, with n_SCID=0
· DMRS port 1001,1003,1005 and 1007 are interpreted as port 1000,1002,1004 and 1006, respectively, with n_SCID=1



In this paper, we will discuss the remaining issues on length-6 CGS sequence design and CGS sequence reordering, the FFS left in the last meeting is discussed as well.
Remaining issues of DM-RS for Pi/2-BPSK DFT-S-OFDM
In last meeting, the design of length 12, 18, 24 sequence generated with binary sequence and pi/2 BPSK modulation were agreed. The remaining issues of DM-RS for Pi/2-BPSK DFT-S-OFDM include how to support 2 orthogonal ports within one OFDM symbol and related concrete length 6 sequence design. Considering that different orthogonal methods provide limited performance difference for length 12, 18, 24, but may provide large performance difference for length 6. We will focus on the orthogonal methods for length 6. 
[bookmark: OLE_LINK23]Length-6 DM-RS sequence design 
Several orthogonal methods are provided in the email discussion:
· Alt.1 pre-DFT block-OCC [X -X] and use length N DFT
· Property: AC,XC,PAPR different for the two combs  (due to [X X] and [X -X])
· Alt.1-a: 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.1-b: Two sequence sets X1 and X2 are designed for first and second comb respectively in order to optimize XC,AC and PAPR per comb
· Alt.2 Rel-15 Type 1 Mapping 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)
· Alt.2-a: A single sequence set X for XC,AC may be designed independently of which comb is used, and a single sequence set X for PAPR may be designed to take into account PAPR for mapping to any of the two combs
· Alt.2-b: Two sequence sets X1 and X2 are designed for first and second comb respectively in order to optimize XC,AC and PAPR per comb
· Alt.3 Pre-DFT symbol level OCC and use length N DFT (e.g. [++++…], [+-+-+-+-])

Larger constellation is needed to generate 30 length-6 sequence and 8PSK has been agreed in last meeting as the below equation


Based on the constellation, length-6 low PAPR DMRS sequence has been proposed in [2][3][4][5] for port 0 and port 2 within different CDM groups. In [2], the block-wise OCC (Alt.1-a) is used to construct DMRS port 2 [2], while, in [3] and [4], frequency domain CS (Alt.2-a) is used to construct DMRS port 2 [3], and in [5], pre-DFT symbol level OCC (Alt.3) is used. It should be noted in [2][3][4][5], 2 CDM groups share the same group of computer searched 30 sequences. However, the evaluation results provided in Table 1 and Figure 1 show that using the same group of sequence may lead to high cross correlation (compared with Rel-15 sequences) among 30 sequences with proper auto-correlation and PAPR for both port 0 and port 2. 
Note that, the cross-correlation reflect the interference between different sequence groups, which will be used for different cells. In some simulation result, there is no oversampling and also only simulated the case within the CP window. However, the interference from the UE in other cells may be time misaligned and also may not be in an integer sequence grid. So, in the simulation of cross-correlation, the oversampling factor should be taken into account. 
Furthermore, since the interference of the UE in other cells will be long distance which will out of CP window, so in the simulation, the taps out of CP window should also be considered. In the following, we consider [] for cross-correlation simulation. To be more specific, in our simulation, the cross-correlation is calculated as follows:

Where  are sequence-1 and sequence-2 respectively,  denotes the length of sequence-1. NFFT is the IFFT length with the oversampling factor of 32. 
   Table 1. PAPR, auto-correlation and cross-correlation of the sequences proposed in [2][3][4][5]
	
	CGS in [2] with Alt.2-a
	CGS in [2] with Alt.1-a
	CGS in [3] with Alt.2-a
	CGS in [5] with Alt.3
	CGS in [4] with Alt.2-a

	
	Port 0
	Port 2
	Port 0
	Port 2
	Port 0
	Port 2
	Port 0
	Port 2
	Port 0
	Port 2

	Ave-AC
	0.17
	0.17
	0.25
	0.28
	0.21
	0.21
	0.09
	0.28
	0.176
	0.176

	Max-AC
	0.236
	0.236
	0.33
	0.33
	0.312
	0.312
	0.18
	0.41
	0.236
	0.236

	Ave-PAPR
	1.61
	1.91
	1.68
	1.62
	1.72
	1.86
	1.75
	2.21
	1.68
	1.96

	Max-PAPR
	1.89
	2.02
	2.03
	1.99
	2.11
	2.28
	2.02
	3.56
	2.07
	2.09

	Max-Corr
	0.981
	0.963
	1
	0.972
	0.986



[bookmark: OLE_LINK30][bookmark: OLE_LINK28]We can have the following observations:
Observation 1: The auto-correlation of CGS proposed in [2][3][5] is larger than 0.236.
Observation 2: The PAPR of CGS proposed in [5] for port 2 is 1.65 dB larger than data, the PAPR of CGS proposed in [3] is 0.37 dB larger than data.
Observation 3: The maximum cross correlation is larger than 0.96 among 30 sequences in [2][3][4][5].
Therefore, according to the above observations, it is more reasonable to search and optimize the group of sequence for 2 CDM groups respectively to satisfy the auto correlation, cross correlation and PAPR requirement for both CDM groups. In Table 2 and 3, two separate groups of sequence design for 2 CDM groups are provided for Alt.1-b and Alt.2-b separately. The performance of the proposed sequences can be found in Table 4. Due to that separate sequences can be used for different CDM groups, low PAPR, auto-correlation as well as cross-correlation can be achieved for the two CDM groups.
Table 2.  Proposed sequences and corresponding performance with Alt.1-b
	u
	Sequence for Port 0
	PAPR
	AC
	Sequence for Port 2
	PAPR
	AC

	0
	1
	3
	1
	-5
	5
	-7
	1.9297
	0.1804
	1
	5
	1
	7
	-1
	-7
	1.8619
	0.2357

	1
	1
	-5
	1
	3
	-7
	7
	1.8864
	0.2357
	1
	-7
	-1
	-1
	-5
	-1
	1.8619
	0.2357

	2
	1
	-3
	1
	5
	-1
	3
	1.7817
	0.097631
	1
	-3
	-3
	3
	7
	-3
	1.8384
	0.097631

	3
	1
	5
	1
	5
	3
	-3
	1.6341
	0.097631
	1
	7
	5
	-1
	-3
	3
	1.8061
	0.2357

	4
	1
	5
	1
	-5
	-1
	-3
	1.4418
	0.097631
	1
	-7
	3
	7
	3
	3
	1.8619
	0.2357

	5
	1
	-3
	1
	7
	-5
	5
	1.6284
	0.2357
	1
	7
	-5
	1
	-3
	-7
	1.8382
	0.097631

	6
	1
	5
	1
	-1
	3
	7
	1.6126
	0.097631
	1
	7
	7
	-5
	3
	-1
	1.8877
	0.2357

	7
	1
	7
	1
	-5
	-3
	3
	1.7901
	0.2357
	1
	7
	3
	-1
	-1
	5
	1.8384
	0.097631

	8
	1
	7
	1
	-1
	-7
	-1
	1.8853
	0.2357
	1
	-5
	-5
	-1
	-5
	1
	1.8619
	0.2357

	9
	1
	5
	3
	7
	-1
	-5
	1.5886
	0.2357
	1
	7
	1
	7
	-3
	-5
	1.7714
	0.2357

	10
	1
	5
	1
	5
	3
	7
	1.7821
	0.097631
	1
	-5
	-3
	3
	5
	-1
	1.8061
	0.2357

	11
	1
	-1
	1
	5
	-5
	7
	1.9143
	4.72E-17
	1
	-5
	7
	-1
	3
	-7
	1.8485
	0.2357

	12
	1
	-7
	5
	-1
	-5
	-3
	1.8788
	0.2357
	1
	-7
	-1
	-5
	-1
	-1
	1.8619
	0.2357

	13
	1
	5
	1
	5
	-1
	3
	1.7821
	0.097631
	1
	7
	3
	3
	-1
	5
	1.6616
	0.097631

	14
	1
	-3
	5
	-7
	-5
	7
	1.8789
	0.2357
	1
	5
	-7
	-7
	3
	-1
	1.8382
	0.097631

	15
	1
	7
	1
	3
	-3
	-5
	1.7437
	0.2357
	1
	-5
	-3
	7
	-7
	3
	1.8684
	0.2357

	16
	1
	-5
	5
	3
	-7
	-1
	1.7657
	0.2357
	1
	5
	-1
	7
	-3
	-3
	1.8619
	0.2357

	17
	1
	5
	1
	-1
	3
	-3
	1.7817
	0.097631
	1
	-7
	5
	-1
	5
	5
	1.8877
	0.2357

	18
	1
	7
	5
	-1
	-7
	-5
	1.7657
	0.2357
	1
	-5
	-1
	-1
	3
	-3
	1.6616
	0.097631

	19
	1
	5
	1
	5
	-5
	-7
	1.6489
	0.2357
	1
	1
	-3
	3
	7
	-3
	1.6616
	0.097631

	20
	1
	5
	1
	-3
	1
	5
	1.5333
	5.55E-17
	1
	5
	5
	-1
	-5
	5
	1.8384
	0.097631

	21
	1
	-3
	1
	5
	3
	7
	1.4418
	0.097631
	1
	7
	-1
	-7
	-3
	-7
	1.8619
	0.2357

	22
	1
	7
	1
	-5
	-7
	-1
	1.8863
	0.2357
	1
	7
	3
	7
	7
	1
	1.8619
	0.2357

	23
	1
	5
	1
	5
	-7
	5
	1.5331
	0
	1
	-5
	1
	-1
	-3
	3
	1.7715
	0.2357

	24
	1
	5
	1
	-5
	7
	-3
	1.309
	0.2357
	1
	1
	-5
	7
	1
	5
	1.8384
	0.097631

	25
	1
	-3
	1
	-5
	-1
	3
	1.6125
	0.097631
	1
	3
	-3
	7
	-7
	3
	1.7245
	0.2357

	26
	1
	5
	1
	5
	-1
	-3
	1.4623
	0.097631
	1
	7
	-5
	1
	1
	-3
	1.8382
	0.097631

	27
	1
	-5
	1
	7
	5
	-1
	1.7437
	0.2357
	1
	-5
	5
	-1
	1
	7
	1.8061
	0.2357

	28
	1
	5
	1
	-5
	-1
	3
	1.8358
	0.097631
	1
	5
	1
	1
	7
	-1
	1.8619
	0.2357

	29
	1
	-5
	1
	-1
	5
	7
	1.7901
	0.2357
	1
	-5
	3
	-7
	5
	-7
	1.8619
	0.2357



Table 3.  Proposed sequences and corresponding performance with Alt.2-b
	u
	Sequence for Port 0
	PAPR
	AC
	Sequence for Port 2
	PAPR
	AC

	0
	1
	3
	1
	-5
	5
	-7
	1.9297
	0.1804
	1
	3
	1
	-5
	5
	7
	1.896
	0.2357

	1
	1
	-5
	1
	3
	-7
	7
	1.8864
	0.2357
	1
	-3
	1
	5
	-5
	-7
	1.9179
	0.2357

	2
	1
	-3
	1
	5
	-1
	3
	1.7817
	0.097631
	1
	7
	1
	-5
	-3
	-3
	1.9554
	0.1804

	3
	1
	5
	1
	5
	3
	-3
	1.6341
	0.097631
	1
	3
	3
	7
	-1
	-7
	1.6817
	0.2357

	4
	1
	5
	1
	-5
	-1
	-3
	1.4418
	0.097631
	1
	7
	1
	1
	-5
	-3
	1.9273
	0.1804

	5
	1
	-3
	1
	7
	-5
	5
	1.6284
	0.2357
	1
	-3
	1
	-5
	-1
	3
	1.9149
	0.097631

	6
	1
	5
	1
	-1
	3
	7
	1.6126
	0.097631
	1
	5
	3
	-7
	5
	-3
	1.9542
	0.2357

	7
	1
	7
	1
	-5
	-3
	3
	1.7901
	0.2357
	1
	-5
	3
	5
	-7
	3
	1.941
	0.1804

	8
	1
	7
	1
	-1
	-7
	-1
	1.8853
	0.2357
	1
	5
	1
	-1
	3
	7
	1.9149
	0.097631

	9
	1
	5
	3
	7
	-1
	-5
	1.5886
	0.2357
	1
	-1
	1
	-5
	-3
	7
	1.896
	0.2357

	10
	1
	5
	1
	5
	3
	7
	1.7821
	0.097631
	1
	5
	1
	-3
	7
	-3
	1.7492
	0.2357

	11
	1
	-1
	1
	5
	-5
	7
	1.9143
	4.72E-17
	1
	-5
	1
	5
	7
	1
	1.9273
	0.1804

	12
	1
	-7
	5
	-1
	-5
	-3
	1.8788
	0.2357
	1
	5
	3
	7
	-3
	-7
	1.8365
	0.2357

	13
	1
	5
	1
	5
	-1
	3
	1.7821
	0.097631
	1
	-7
	3
	-3
	-5
	-1
	1.8263
	0.1804

	14
	1
	-3
	5
	-7
	-5
	7
	1.8789
	0.2357
	1
	1
	3
	-5
	-1
	-7
	1.912
	0.2357

	15
	1
	7
	1
	3
	-3
	-5
	1.7437
	0.2357
	1
	-7
	3
	5
	-3
	-3
	1.8671
	0.2357

	16
	1
	-5
	5
	3
	-7
	-1
	1.7657
	0.2357
	1
	-3
	3
	7
	-5
	5
	1.873
	0.2357

	17
	1
	5
	1
	-1
	3
	-3
	1.7817
	0.097631
	1
	3
	3
	-5
	5
	-3
	1.7485
	0.2357

	18
	1
	7
	5
	-1
	-7
	-5
	1.7657
	0.2357
	1
	-7
	1
	1
	3
	-3
	1.9334
	0.2357

	19
	1
	5
	1
	5
	-5
	-7
	1.6489
	0.2357
	1
	-7
	1
	5
	-1
	1
	1.9335
	0.2357

	20
	1
	5
	1
	-3
	1
	5
	1.5333
	5.55E-17
	1
	5
	1
	-5
	-5
	-1
	1.9398
	0.2357

	21
	1
	-3
	1
	5
	3
	7
	1.4418
	0.097631
	1
	5
	1
	-7
	7
	-3
	1.9179
	0.2357

	22
	1
	7
	1
	-5
	-7
	-1
	1.8863
	0.2357
	1
	5
	1
	5
	-5
	5
	1.8701
	0.2357

	23
	1
	5
	1
	5
	-7
	5
	1.5331
	0
	1
	-7
	3
	1
	-5
	-1
	1.9409
	0.1804

	24
	1
	5
	1
	-5
	7
	-3
	1.309
	0.2357
	1
	-5
	3
	7
	7
	-1
	1.8671
	0.2357

	25
	1
	-3
	1
	-5
	-1
	3
	1.6125
	0.097631
	1
	3
	3
	-5
	5
	-7
	1.912
	0.2357

	26
	1
	5
	1
	5
	-1
	-3
	1.4623
	0.097631
	1
	-7
	3
	-5
	-3
	1
	1.5981
	0.2357

	27
	1
	-5
	1
	7
	5
	-1
	1.7437
	0.2357
	1
	5
	1
	5
	-1
	-3
	1.8962
	0.097631

	28
	1
	5
	1
	-5
	-1
	3
	1.8358
	0.097631
	1
	5
	1
	-5
	1
	5
	1.8701
	0.2357

	29
	1
	-5
	1
	-1
	5
	7
	1.7901
	0.2357
	1
	-3
	1
	3
	7
	7
	1.9397
	0.2357



Table 4.  Auto-correlation, PAPR and cross-correlation of the proposed sequences
	　
	Proposed CGS with Alt.1-b
	Proposed CGS with Alt.2-b

	　
	Port 0
	Port 2
	Port 0
	Port 2

	Ave-AC
	0.16
	0.19
	0.16
	0.21

	Max-AC
	0.236
	0.236
	0.236
	0.236

	Ave-PAPR
	1.71
	1.82
	1.71
	1.88

	Max-PAPR
	1.93
	1.89
	1.93
	1.96

	Max-Corr
	0.933
	0.928
	0.933
	0.935



[image: ]
Figure 1. Cross-correlation of the proposed sequences
Observation 4: Our proposed two separate groups of base length-6 sequence in both Table 2 and 3 achieve low PAPR, auto correlation and cross correlation for both of the two CDM groups. 
Proposal 1: Two separate groups of length-6 sequences in Table 2 or Table 3 should be defined for two CDM groups respectively.

CGS sequence reordering
In NR, similar as in LTE, the base sequences with different lengths are divided into 30 groups. The new length-12, length-18 and length-24 CGS sequences will be allocated into sequence groups with other lengths sequences and different groups of sequences with different lengths will be used in different cells. In order to reduce inter-cell interference, the cross-correlation of sequences with different lengths from different groups should be minimized, since those sequences may collide with each other. But the sequences with different lengths from same group won’t collide with each other, so sequences with high cross-correlation should be allocated into the same group to minimize the cross-correlation of sequences with different lengths from different groups. 
Collision Scenarios
Rel-16 CGSs would be applied to PUCCH with Pi/2-BPSK such as PUCCH format 3/4 (PF3/4) or PUSCH with Pi/2-BPSK. As they will be used in different cells, the CGSs in one cell may collide with sequences including CGS with different length from other cells, respectively. Therefore inter-cell interference arises due to the cross-correlation among such colliding sequences. The following are some exemplary scenarios: 
•	PF4 DMRS collide with PF3 DMRS (>= 2PRB)
•	PF3 DMRS collide with PF3 DMRS with different lengths (due to different number of PRB allocated)
•	DMRS of PUSCH collide with DMRS and of PUCCH
•	DMRS of PUSCH collide with DMRS of PUSCH with different length
From the scenario list, it can be observed that the occurrence of such collisions is quite frequent and therefore needs more attention. For those shorter sequences like CGS, the interference could be strong since it will be used with higher PSD than longer sequences. Thus, the careful usage of CGS is needed.
How to reduce the interference should be considered carefully. However the current ordering of sequences in each group did not take it into account and thus in real scenarios, some base sequences with different sequence in the neighboring cells may have higher cross-correlation which could lead to severe inter-cell interference and deteriorated performance. 
Effect of cross-correlation on performance
In commercial networks which are interference-limited, interference is the main factor determining the performance of system. For UL, the main interference is from UE at adjacent cells, especially for the dense urban where inter-site distance is small. As we know, NR will have shorter inter-site distance than current networks due to its higher frequency band, therefore dense urban is one of the most important application scenarios of NR. As higher cross-correlation will cause more severe interference, it is important to minimize the higher cross-correlation in order to reduce inter-cell interference for NR. 
Reducing cross-correlation of sequences is an effective method of suppressing inter-cell interference. Considering an interference-limited scenario, where a PUCCH using CGSs colliding with a PUCCH using different length sequences from adjacent cell, and assuming noise can be neglected and no existence of other interference source, the received signal can be written as:
,
where  is expected CGS, andis the interference sequence. By multiplying the received signal by, one can get:
.
Then SIR at the receiver can be derived as
,
where c is the cross-correlation of two sequences. It can be observed that the interference power is in proportional to the cross-correlation and reducing it could improve the SIR. For example, reducing cross-correlation of two sequences form 0.735 to 0.558 can lead to dB decrease in interference power, which is equivalent to 2.39 dB gain in SIR if the noise power and other interference is ignored. In the real interference-limited scenario, noise can normally be negligible compared to the interference [6].
Re-ordering of the Rel-16 CGS 
Interference from short sequence to long sequence is small due to the fact that only partial elements is overlapped, but interference from long sequence to short sequence may be very severe. So, only interference from long sequence to short sequence is considered for the re-ordering of CGS [6]. 
From the results in Table 5-7, it can be seen that the number of sequences with higher cross-correlation can be reduced obviously. At the same time, the maximum cross-correlation for the sequences also can be reduced.
In Table-5, we show the cross-correlation performance with reordering of length-24 CGS sequences, where the number of sequences with cross-correlation higher than 0.6 (threshold) is reduced from 46 to 0. And then, the maximum cross-correlation is reduced from 0.735 to 0.558.  In Table-6 and Table-7, we show the cross-correlation performance with reordering for length-18 and 12, respectively.
In the above simulation, the reordered sequence are listed in Appendix-A, and the threshold for each length is selected based on cross-correlation of sequences in different sequence groups with the same length.
It should be pointed out that re-ordering of CGS does not introduce any new CGS sequences but simply change the group they belong to. Therefore the impact to the specification is minimal. From implementation perspective especially at UE side, the changes only affect group index for these CGS and shall be easily accommodated by the implementation. 
More detailed evaluation results can be found in [7].
Table 5. Cross-correlation performance with sequence reordering for Length-24
	
	ZC Sequence

	Length-24 CGS
	46 sequences --> 0 sequences 
with XC higher than 0.6

	Max. Corr
	Max XC 0.735 --> 0.558



Table 6. Cross-correlation performance with sequence reordering for Length-18
	
	ZC Sequence & Length-24 CGS

	Length-18 CGS
	43 sequences --> 7 sequences 
with XC higher than 0.68

	Max. Corr
	Max XC 0.753 --> 0.658



Table 7. Cross-correlation performance with sequence reordering for Length-12
	
	ZC Sequence &Length-18 CGS& Length-24 CGS

	Length-12 CGS
	23 sequences --> 2 sequences 
with XC higher than 0.77

	Max. Corr
	Max XC 0.818 --> 0.803



Based on the analysis and evaluation, the sequence reordering should be supported to reduce the cross-correlation.
Proposal 2: Support the re-ordering shown in the Appendix A for length-12, length-18 and length-24 CGS for DFT-s-OFDM.
[bookmark: _GoBack]
Sequence hopping for 2-symbol DMRS
In last meeting, it has been agreed that same CGS sets are used for 1-symbol and 2-symbol DMRS, and several companies have been proposed that a deterministic DMRS sequence hopping between 2 DMRS symbols is used for the case of 2-symbol DMRS [2][3]. To be more specific, DMRS sequence used for the 2nd symbol is determined according to the combined auto-correlation of the sequence used for the 1st symbol and the sequence used for the 2nd symbol. Note that, all the sequences in the agreed CGS sets can fulfill the required performance on auto-correlation and frequency-domain flatness, which means that when any of the sequences are picked, the performance can be confirmed. When a random sequence is used for the 2nd symbols, the maximum auto-correlation of the 2-symbol DMRS is same as 1-symbol DMRS. In this case, the performance of a random sequence used for the 2nd symbols is good enough. 
Furthermore, there may be large PAPR gap between two sequences within a sequence set, which will cause power imbalance on different symbols for cell edge UE. 
So, we do not see the need to further enhance 2-symbol DMRS case.
Proposal 3: Deterministic sequence hopping pattern for 2-symbol DMRS is not necessary.

Use case of Rel-16 DMRS
It has been agreed that the Rel-16 DMRS is applied when scheduled by DCI format 0_0 with USS and whether it can be also applied for DCI format 0_0 with CSS is still FFS. In our view, DCI format 0_0 with CSS is mainly used for RRC re-configuration. In this case, Rel-15 DMRS should be used as the default DMRS to ensure the robustness of PUSCH transmission. 
Proposal 4: Do not support Rel-16 DMRS when scheduled by DCI format 0_0 with CSS.

Summary of proposals
The observations and proposals in this paper are summarized as follows. 
Observation 1: The auto-correlation of CGS proposed in [2][3][5] is larger than 0.236.
Observation 2: The PAPR of CGS proposed in [5] for port 2 is 1.65 dB larger than data, the PAPR of CGS proposed in [3] is 0.37 dB larger than data.
Observation 3: The maximum cross correlation is larger than 0.95 among 30 sequences in [2][3][4][5].
Observation 4: Our proposed two separate groups of base length-6 sequence in both Table 2 and 3 achieve low PAPR, auto correlation and cross correlation for both of the two CDM groups. 
Proposal 1: Two separate groups of length-6 sequences in Table 2 or Table 3 should be defined for two CDM groups respectively.
Proposal 2: Support the re-ordering shown in the Appendix A for length-12, length-18 and length-24 CGS for DFT-s-OFDM.
Proposal 3: Deterministic sequence hopping pattern for 2-symbol DMRS is not necessary.
Proposal 4: Do not support Rel-16 DMRS when scheduled by DCI format 0_0 with CSS.
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Appendix A: Re-ordering of different length of Rel-16 CGS sequences
	Seq index
	CGS Length=24
	CGS Length=18
	CGS Length=12

	0
	25
	12
	3

	1
	13
	17
	27

	2
	6
	21
	4

	3
	12
	0
	10

	4
	28
	28
	21

	5
	8
	26
	14

	6
	7
	18
	9

	7
	15
	6
	22

	8
	24
	3
	16

	9
	5
	1
	19

	10
	1
	11
	28

	11
	14
	25
	23

	12
	17
	23
	8

	13
	3
	7
	5

	14
	21
	27
	1

	15
	29
	8
	25

	16
	22
	19
	6

	17
	0
	10
	20

	18
	2
	29
	29

	19
	11
	9
	26

	20
	10
	20
	7

	21
	27
	4
	24

	22
	18
	14
	15

	23
	20
	13
	13

	24
	23
	16
	17

	25
	4
	15
	18

	26
	9
	22
	2

	27
	19
	24
	11

	28
	16
	5
	12

	29
	26
	2
	0
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