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Introduction
The following agreements were made in RAN1#95 meeting: 
Agreement
The working assumption from RAN1#95 on low PAPR RS for Rel-16 NR is confirmed as an agreement 
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively
· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported
· The following solution categories are precluded 
· Modification of OCC 
· Modification to PN sequence generation, such as subsampling a longer sequence
· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue
· Carefully consider backward compatibility issues and the total number of cinit configured per UE
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· Carefully consider channel estimation performance and cross correlation performance
Agreement
Metrics to consider for new sequence design for the pi/2 BPSK DMRS are the gNB receiver complexity, PAPR relative to data and link level throughput/BLER performance considering frequency domain flatness and autocorrelation properties, interference considering cross correlation properties and when applicable (e.g. PUCCH), orthogonality of sequences

Agreement
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding. 
· For sequences with allocation length 6,12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH 

Agreement 
Support PUCCH DMRS enhancements for PUCCH format 3 and 4

In this contribution, we discuss time domain π/2-BPSK based DMRS for PUSCH/PUCCH and the ways to support ports multiplexing. 
-BPSK based DMRS
In RAN1#95 meeting, it is agreed to pursue π/2-BPSK DFT-S-OFDM DMRS for PUSCH/PUCCH. By time domain π/2-BPSK based DMRS, it is able to get better PAPR than Rel-15 waveform. However, some remaining details still need to be specified. In this section, we discuss DMRS ports multiplexing, the CGS design for sequence length 12/18/24, and discuss CGS in PUCCH format 3/4.

DMRS ports multiplexing
DMRS type 1 supports total four ports in an OFDM symbol, wherein two of ports share the same frequency domain locations (the same CDM group). It, therefore, relies on sequence’s property to achieve orthogonality (or low correlation) between the ports. Table 1 summaries the requirement for each channel.
[bookmark: _Ref534874582]Table 1. Sequence length and multiplexing capability
	
	PUSCH
	PUCCH format 3
	PUCCH format 4

	Sequence length
	6,12,18,24, >=30
	12,24, >=36	
	12

	# of UE mux (in the same CDM group)
	2
	N/A
	4




[bookmark: OLE_LINK7]In Rel-15, the orthogonality is assured by time domain cyclic shifts of a sequence which has constant amplitude in frequency domain. Furthermore, the shift values for each port are even distributed over the base sequence length (recall that the frequency pattern for the ports are [+,+,+,+,…] and [+,-,+,-,+,-,…] respectively for each port), so in time domain two ports are orthogonal not only when they are fully aligned but also within a certain delay window. In design of time domain π/2-BPSK sequence, finding a set of based sequence that have the same good correlation property as Rel-15 is unlikely to be possible, however, we still need to find a way to multiplexing multiple DMRS ports. In this subsection, we discuss 2-port for general length of PUSCH and address 4-port for PUCCH format 4 later when discuss length-12 CGS.

Given a time domain π/2-BPSK base sequence, there are two possible schemes to multiplex two ports:

Scheme 1: Time domain circular shift for the 2nd port. 
This is equivalent to Rel-15. That is, the 2nd port can be formed by applying [+,-+,-,+,-,…] in frequency domain. With this approach, circular autocorrelation of the 2nd port is as good as the 1st port but zero correlation between two ports (within a delay window) cannot be retained in general. However, due to the property of Gold-sequence, the correlation should be still acceptable. Figure 1 illustrates two ways of Scheme 1 implementation.

[image: ]
[bookmark: _Ref534970914]Figure 1. Scheme 1


Scheme 2: Time domain orthogonal mask for the 2nd port.
Since pre-DFT time domain sequence has constant amplitude, we can apply a mask  (N is base sequence length) such that 
	,  	(1)
This can assure two sequences are orthogonal when they are aligned. In order to maintain the same property as π/2-BPSK, it further restricts  while we still have choose the pattern of +1/-1. For example, one may consider  as two equal-size blocks of 1s’ and -1s’ (see [2]). In this contribution we consider the interleaved pattern as shown in (2) for the following reasons:
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]			()
· Applying  is to circular shift (half of the length) in the frequency domain waveform. In other words, the 2nd port can be prepared in either time or frequency domain. Both ways have simple implementation.
· When UE is in high Doppler environment, channel could change rapidly in time. Alternative interleaved +1 and -1, as , could maintain orthogonality between ports better.

Figure 2 shows the block diagrams of Scheme 2. 
[image: ]
[bookmark: _Ref534971121]Figure 2. Scheme 2


[bookmark: OLE_LINK4]Figure 3 shows circular (auto-/cross-)correlation of two ports with an instance of Gold-sequence of length 60 (bandwidth 10 PRB). We can see Scheme 2 has zero correlation when delay=0 but both schemes behave roughly the same within a non-zero size window centered at 0.

Observation 1: Both Scheme 1 and Scheme 2 behave about the same in the non-zero delay window centered at 0. 

Proposal 1: Consider one of proposed schemes in Rel-16 for DMRS port multiplexing in PUSCH/PUCCH with π/2-BPSK DFT-s-OFDM.

[image: ] [image: ]  
[bookmark: _Ref534820008]Figure 3. auto-/cross-correlation of two DMRS port sequences

Search CGS-based -BPSK based sequences and PUCCH format 3/4
Length 12/18/24 CGS-based sequences are used for PUSCH with small (2-4) RB allocations and length 12/24 are also used in PUCCH format 3/4. 

In the case of PUSCH with 3-4 RB allocations, the design needs to find two ports in the same CDM group. Both Scheme 1 and Scheme 2 proposed in previous section can be considered to support two ports multiplexing. 30 CGS sequences of length 18/24 are searched to satisfy certain correlation properties which will be detailed later. One of the differences between two schemes in CGS search is that Scheme 1 requires each base sequence itself has auto-correlation zeros in the window centered at 0 and the window centered at N/2. Depending on the sequence length (N) and window size, it might be harder to find a set of 30 such sequence meet requirements. 

For PUCCH format 3, no user multiplexing is required, so the extension is straightforward.

For PUCCH format 4, it need to support up to 4 users. Therefore, Scheme 1 and Scheme 2 are combined to be Scheme 3 below to support 2 additional ports.

Scheme 3: Time domain circular shift 6 + time domain orthogonal mask 
Denote  to be the pre-DFT base sequence from table and denote , i=0,…,11. 
The sequences for 4 DMRS ports in time domain can be expressed as:
	Port0: 
Port1: 
Port2: 
Port3: 

	Since circular shift N/2 in one domain is masking  in the other domain. The implantation can be either in time or frequency domain, or both. Figure 4 illustrates two of possible implementations using either sequence shifting or masking. 
[image: ]
[bookmark: _Ref534972068]Figure 4. Two possible implementations of Scheme 3

In summary, for length-12, we generate multiple DMRS ports by Scheme 3 to support up to 4 UEs. For length 18 and 24, we provide two different approaches to generate two DMRS ports based on Scheme 1 and Scheme 2, respectively. The search results are given in Appendix A.

Given a scheme, a set of 30 CGS sequences are computer searched by a general procedure below:
· [bookmark: OLE_LINK5]For lengths supporting 2-port (i.e., length 18/24), sequences generated for DMRS port0/port1 (generated according to a scheme) both are required to have zero auto-correlation for delays in window . It searches sequences that minimizes the auto-correlation in  (if  is not empty) and minimizes cross-correlation in .
· For the case supporting 4-port (i.e., length 12), it further restricts the cross-correlation between any pair of 4 ports are zero at delay=0 and minimize at other delays in .
· [bookmark: OLE_LINK6][bookmark: OLE_LINK2][bookmark: OLE_LINK3]It then sieves a set of 30 such sequences that have good cross-correlation property in . 

The aforementioned delay windows are defined below (also see [1]):
· Length-12:   =[-2,-1,1,2],  				=[] 
· Length-18:   =[-3,-1,1,3],  				=[-2,2] 		
· Length-24:   =[-5,-4,-3,-2,-1,1,2,3,4,5],  	=[]			

Numerical results of proposed CGS sequences
Due to the requirements imposed in the searching procedure, the auto-correlation (normalized) for proposed sequence (and the ports sequence derived from that) has statistics given in Table 2. 
For a given based sequence Table 3 shows the statistics of cross-correlation in the specified window between ports.
The cross-correlation distribution among 30 base sequences in the specified window are shown in Figure 5 to Figure 7. 
[bookmark: _Ref534890083]Table 2. Normalized auto-correlation of proposed CGS
	
	Window
	Mean
	Max

	Length 12
	[-2,-1,1,2]
	0
	0

	Length 18
	[-3,-2,-1,1,2,3]
	0.04
	0.11

	Length 24
	[-5,-4,-3,-2,-1,1,2,3,4,5]
	0
	0


[bookmark: _Ref534894246]
[bookmark: _Ref534973991]Table 3. Normalized cross-correlation between ports derived from a based sequence
	
	Window
	Sequence length/Number of ports
	Mean
	Max

	
	[-2-,1,0,1,2]
	Length 12 (2-port, port0/1)
	0.13
	0.33

	
	
	Length 12 (4-port, as PUCCH format 3)
	0.20
	0.33

	Scheme 1
	[-3,-2,-1,0,1,2,3]
	Length 18 (2-port)
	0.06
	0.11

	
	[-5,-4,-3,-2,-1,0,1,2,3,4,5]
	Length 24 (2-port)
	0.03
	0.17

	Scheme 2
	[-3,-2,-1,0,1,2,3]
	Length 18 (2-port)
	0.06
	0.11

	
	[-5,-4,-3,-2,-1,0,1,2,3,4,5]
	Length 24 (2-port)
	0
	0




[image: ]
[bookmark: _Ref534891238]Figure 5. CDF of cross-correlation in window [-2,-1,0,1,2]

[image: ]
Figure 6. CDF of cross-correlation in window [-3,-2,-1,0,1,2,3]
[image: ]
[bookmark: _Ref534891255]Figure 7. CDF of cross-correlation in window [-5,-4,-3,-2,-1,0,1,2,3,4,5]

PAPR statistics is shown in Table 4 with FDSS applied for the proposed CGS. PAPR for individual DMRS port sequences are listed tables in Appendix A.
[bookmark: _Ref534889294]Table 4. PAPR statistics of proposed CGS
	
	
	Mean
	Max
	Min

	Length 12
	Rel-15
	2.61
	2.80
	2.41

	
	Proposed CGS
	1.31
	1.73
	0.78

	Length 18 
	Rel-15
	2.68
	2.85
	2.40

	
	Proposed CGS (Scheme1)
	1.18
	1.40
	0.96

	
	Proposed CGS (Scheme2)
	1.11
	1.46
	0.77

	Length 24
	Rel-15
	2.63
	2.75
	2.40

	
	Proposed CGS (Scheme1)
	1.48
	1.65
	1.15

	
	Proposed CGS (Scheme2)
	1.28
	1.78
	1.01




Proposal 2: In Rel-16, for time domain -BPSK DMRS, use
· Length-12 CGS in Table 5 for PUSCH with 2-PRB allocation and for PUCCH format 3/4 with 1-PRB allocation. DMRS ports are derived according to Scheme 3.
· Length-18 CGS in Table 6 or Table 7 for PUSCH with 3-PRB allocation.
· Length-24 CGS in Table 8 or Table 9 for PUSCH with 4-PRB allocation and for PUCCH format 3 with 2-PRB allocation.

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 [3]). 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. Further discussion based on RAN4’s feedback.
Conclusions
Proposal 1: Consider one of proposed schemes in Rel-16 for DMRS port multiplexing in PUSCH/PUCCH with π/2-BPSK DFT-s-OFDM.

Proposal 2: In Rel-16, for time domain -BPSK DMRS, use
· Length-12 CGS in Table 5 for PUSCH with 2-PRB allocation and for PUCCH format 3/4 with 1-PRB allocation. DMRS ports are derived according to Scheme 3.
· Length-18 CGS in Table 6 or Table 7 for PUSCH with 3-PRB allocation.
· Length-24 CGS in Table 8 or Table 9 for PUSCH with 4-PRB allocation and for PUCCH format 3 with 2-PRB allocation.

Proposal 3: RAN1 notifies RAN4 for the power imbalance issue. Further discussion based on RAN4’s feedback.
Appendix A. Tables of CGS-based -BPSK based 
In the tables below, PAPR column contains PAPR with FDSS (time domain response of [-0.28,1,-0.28]) applied for each port sequence generated according to the scheme.
Length-12 
[bookmark: _Ref534974321]Table 5. CGS of length 12 based on Scheme 3.
	Index
	sequence
	PAPR (ports 0/1/2/3)

	0
	0     0     0     0     0     1     1     0     1     1     0     1
	1.1896,  0.7793,  0.7794,  1.1900

	1
	 0     0     0     0     1     1     0     1     1     0     1     0
	1.2957,  1.7260,  1.7260,  1.2957

	2
	 0     0     0     1     0     0     1     0     0     0     1     0
	1.1900,  0.7794,  0.7793,  1.1896

	3
	 0     0     1     0     1     1     1     0     1     1     1     0
	1.2955,  1.7260,  1.7262,  1.2957

	4
	 0     0     1     1     1     0     0     1     0     1     0     0
	1.7260,  1.1900,  1.2957,  0.7793

	5
	 0     0     1     1     1     1     1     0     1     0     0     1
	1.1896,  0.7793,  0.7794,  1.1900

	6
	 0     1     0     0     0     1     0     0     1     0     0     0
	1.1896,  0.7794,  0.7794,  1.1896

	7
	 0     1     0     0     0     1     1     1     0     1     0     0
	1.1896,  0.7787,  0.7787,  1.1896

	8
	 0     1     0     0     0     1     1     1     0     1     1     1
	1.2957,  1.7262,  1.7260,  1.2955

	9
	 0     1     0     1     1     0     0     0     1     1     1     1
	1.2948,  1.7260,  1.7254,  1.2957

	10
	 0     1     1     0     0     0     1     1     1     1     0     1
	1.7260,  0.7787,  1.2957,  1.1896

	11
	 0     1     1     0     1     0     0     0     0     0     1     1
	1.2948,  1.7260,  1.7254,  1.2957

	12
	 0     1     1     0     1     0     1     1     1     1     0     0
	1.2948,  1.1896,  1.7254,  0.7787

	13
	 0     1     1     1     0     0     1     0     1     0     0     0
	1.7260,  1.7260,  1.2957,  1.2957

	14
	 0     1     1     1     1     1     0     1     0     0     1     0
	1.7254,  1.2948,  1.2948,  1.7254

	15
	 1     0     0     0     0     0     1     1     0     1     1     0
	1.1896,  0.7793,  0.7794,  1.1900

	16
	 1     0     0     0     1     0     0     0     1     1     1     0
	1.2957,  1.7260,  1.7260,  1.2957

	17
	 1     0     0     0     1     0     1     1     1     0     0     0
	1.1900,  0.7794,  0.7793,  1.1896

	18
	 1     0     0     0     1     1     1     0     1     1     1     0
	1.2955,  1.7260,  1.7262,  1.2957

	19
	 1     0     0     1     0     0     0     0     1     0     0     0
	1.7260,  1.1900,  1.2957,  0.7793

	20
	 1     0     0     1     0     0     0     1     0     0     0     0
	1.1896,  0.7793,  0.7794,  1.1900

	21
	 1     0     1     1     0     0     0     0     0     1     0     1
	1.1896,  0.7794,  0.7794,  1.1896

	22
	 1     0     1     1     0     1     1     1     1     0     1     1
	1.1896,  0.7787,  0.7787,  1.1896

	23
	 1     0     1     1     1     0     0     0     1     0     1     1
	1.2957,  1.7262,  1.7260,  1.2955

	24
	 1     0     1     1     1     0     1     0     0     0     1     1
	1.2948,  1.7260,  1.7254,  1.2957

	25
	 1     0     1     1     1     1     0     0     0     1     1     0
	1.7260,  0.7787,  1.2957,  1.1896

	26
	 1     0     1     1     1     1     0     1     1     0     1     1
	1.2948,  1.7260,  1.7254,  1.2957

	27
	 1     1     0     1     0     0     0     1     0     0     0     1
	1.2948,  1.1896,  1.7254,  0.7787

	28
	 1     1     0     1     1     0     1     1     1     0     1     1
	1.7260,  1.7260,  1.2957,  1.2957

	29
	 1     1     0     1     1     1     0     1     1     1     1     0
	1.7254,  1.2948,  1.2948,  1.7254



Length-18
[bookmark: _Ref534974485]Table 6. CGS of length 18 based on Scheme 1
	Index
	sequence
	PAPR (Ports 1, Port 2)

	0
	     0     0     0     0     1     0     1     0     0     0     0     0     1     1     0     1     1     0
	1.3798,  1.0231

	1
	     0     0     0     0     1     1     1     0     0     0     1     1     1     0     1     1     1     0
	0.9637,  1.3795

	2
	     0     0     0     0     1     1     1     0     1     0     1     0     1     0     0     1     1     1
	0.9646,  0.9907

	3
	     0     0     0     1     0     1     0     0     1     1     1     0     0     1     0     1     0     0
	1.0239,  1.1808

	4
	     0     0     0     1     0     1     0     1     0     1     1     0     0     0     1     1     1     1
	1.0213,  1.0231

	5
	     0     0     0     1     1     0     0     0     1     1     0     1     0     1     0     1     1     1
	1.3056,  1.2438

	6
	     0     0     0     1     1     1     0     0     0     1     0     0     0     1     1     1     1     1
	1.3972,  0.9916

	7
	     0     0     0     1     1     1     1     0     1     1     1     0     1     1     1     1     0     0
	1.3808,  1.2444

	8
	     0     0     0     1     1     1     1     1     0     0     0     1     1     1     0     0     0     1
	0.9655,  1.1496

	9
	     0     0     1     0     0     0     1     0     0     1     0     1     0     0     1     0     0     1
	0.9655,  1.3977

	10
	     0     0     1     0     0     0     1     1     1     1     1     0     0     0     1     0     0     0
	1.3069,  1.0581

	11
	     0     0     1     0     0     1     0     0     0     0     0     0     0     1     1     0     1     1
	0.9909,  1.1499

	12
	     0     0     1     0     1     0     0     0     1     0     1     0     0     1     0     0     0     1
	1.2443,  1.3987

	13
	     0     0     1     1     0     1     0     1     0     1     1     1     0     0     0     1     1     0
	1.3985,  1.1795

	14
	     0     0     1     1     0     1     1     0     0     0     0     0     1     0     1     0     0     0
	1.1450,  1.3970

	15
	     0     1     0     0     0     0     0     0     0     1     1     0     1     1     0     0     1     0
	1.3798,  1.0231

	16
	     0     1     0     1     0     1     1     0     0     0     1     1     1     1     0     0     0     1
	0.9637,  1.3795

	17
	     0     1     1     0     0     0     0     0     0     0     1     1     0     1     0     0     0     1
	0.9646,  0.9907

	18
	     0     1     1     0     0     0     1     1     1     1     0     0     0     1     0     1     0     1
	1.0239,  1.1808

	19
	     0     1     1     1     0     1     0     0     1     1     1     0     0     1     0     1     1     1
	1.0213,  1.0231

	20
	     0     1     1     1     1     1     0     1     1     1     0     0     0     0     0     1     1     1
	1.3056,  1.2438

	21
	     1     0     0     1     0     0     0     1     1     1     0     0     0     1     0     0     1     0
	1.3972,  0.9916

	22
	     1     0     1     0     1     0     0     0     1     1     1     0     0     1     1     1     0     0
	1.3808,  1.2444

	23
	     1     0     1     0     1     1     0     0     0     0     1     0     0     0     0     1     1     0
	0.9655,  1.1496

	24
	     1     0     1     1     0     0     1     0     0     1     0     0     0     0     0     0     0     1
	0.9655,  1.3977

	25
	     1     0     1     1     1     0     1     1     0     1     0     1     1     1     0     1     0     1
	1.3069,  1.0581

	26
	     1     0     1     1     1     1     1     0     0     0     1     0     0     0     1     1     1     1
	0.9909,  1.1499

	27
	     1     1     0     0     0     0     0     1     1     1     1     0     1     1     1     0     1     1
	1.2443,  1.3987

	28
	     1     1     1     0     0     0     0     1     1     1     0     0     1     0     1     0     1     0
	1.3985,  1.1795

	29
	     1     1     1     0     1     1     1     0     1     1     1     1     0     0     1     0     0     1
	1.1450,  1.3970



[bookmark: _Ref534974488]Table 7. CGS of length 18 based on Scheme 2
	Index
	sequence
	PAPR (Port 1, Port 2)

	0
	     0     0     0     0     0     1     0     0     1     1     1     1     0     1     0     1     1     0
	1.2208,  1.2688

	1
	     0     0     0     0     1     1     0     1     0     1     1     1     1     0     0     1     0     0
	1.2694,  1.2207

	2
	     0     0     0     1     0     0     0     0     0     0     1     0     0     1     0     1     1     1
	1.4638,  1.3870

	3
	     0     0     0     1     0     1     0     0     1     0     0     1     1     1     1     1     1     1
	1.1391,  1.0387

	4
	     0     0     0     1     1     0     1     1     1     1     0     0     1     0     1     0     1     0
	1.2241,  1.2906

	5
	     0     0     1     0     1     0     0     0     0     0     0     1     1     0     1     1     0     0
	1.4010,  1.4411

	6
	     0     0     1     0     1     1     0     1     0     0     0     1     0     1     1     1     1     0
	0.9979,  1.0428

	7
	     0     0     1     0     1     1     1     0     1     0     0     0     0     1     1     1     0     1
	0.9984,  1.0431

	8
	     0     0     1     1     1     1     0     1     1     1     1     1     1     0     0     1     0     1
	1.0339,  1.1719

	9
	     0     0     1     1     1     1     1     0     0     0     1     0     1     0     0     1     0     1
	0.7866,  0.7674

	10
	     0     1     0     0     0     1     0     1     1     0     0     0     0     0     0     0     1     1
	1.1498,  1.1496

	11
	     0     1     0     0     1     0     0     0     0     0     1     1     1     1     1     0     0     1
	0.7686,  0.7855

	12
	     0     1     0     1     0     0     0     1     1     0     1     0     0     0     0     0     1     1
	1.2688,  1.2208

	13
	     0     1     0     1     1     0     0     0     0     0     1     0     1     1     0     0     0     1
	1.2207,  1.2694

	14
	     0     1     0     1     1     0     1     1     0     0     0     1     1     1     1     1     1     1
	1.3183,  1.0617

	15
	     0     1     1     0     1     0     1     1     0     1     1     1     1     1     0     0     0     0
	0.7674,  0.7866

	16
	     0     1     1     1     1     0     0     0     0     1     0     0     0     0     1     0     1     1
	1.0428,  0.9979

	17
	     0     1     1     1     1     0     1     1     1     1     0     0     0     0     1     0     0     1
	0.9992,  1.0418

	18
	     0     1     1     1     1     1     0     1     0     1     0     0     1     1     1     0     0     1
	1.4411,  1.4010

	19
	     1     0     0     0     0     0     1     0     1     0     1     1     0     0     0     1     1     0
	1.4411,  1.4010

	20
	     1     0     0     0     0     1     0     0     0     0     1     1     1     1     0     1     1     0
	0.9992,  1.0418

	21
	     1     0     0     0     0     1     1     1     1     0     1     1     1     1     0     1     0     0
	1.0428,  0.9979

	22
	     1     0     0     1     0     1     0     0     1     0     0     0     0     0     1     1     1     1
	0.7674,  0.7866

	23
	     1     0     1     0     0     1     0     0     1     1     1     0     0     0     0     0     0     0
	1.3183,  1.0617

	24
	     1     0     1     0     0     1     1     1     1     1     0     1     0     0     1     1     1     0
	1.2207,  1.2694

	25
	     1     0     1     0     1     1     1     0     0     1     0     1     1     1     1     1     0     0
	1.2688,  1.2208

	26
	     1     0     1     1     0     1     1     1     1     1     0     0     0     0     0     1     1     0
	0.7686,  0.7855

	27
	     1     0     1     1     1     0     1     0     0     1     1     1     1     1     1     1     0     0
	1.1498,  1.1496

	28
	     1     1     0     0     0     0     0     1     1     1     0     1     0     1     1     0     1     0
	0.7866,  0.7674

	29
	     1     1     0     0     0     0     1     0     0     0     0     0     0     1     1     0     1     0
	1.0339,  1.1719



Length-24
[bookmark: _Ref534974638]Table 8. CGS of length 24 based on Scheme 1
	Index
	sequence
	PAPR (Port 1, Port 2)

	0
	0  0  0  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0  1  0  0  0  0  1
	1.5926,  1.5926

	1
	0  0  0  0  1  0  0  0  0  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0 
	1.1500,  1.4099

	2
	0  0  0  0  1  0  0  0  0  1  1  0  0  0  1  1  1  0  1  0  1  0  1  1
	1.6543,  1.6499

	3
	0  0  1  0  0  1  0  0  1  1  0  1  0  0  0  1  0  1  1  0  0  0  0  0
	1.1476,  1.6542

	4
	0  0  1  0  0  1  0  0  1  0  0  1  0  1  0  1  1  1  0  1  0  0  0  1
	1.6543,  1.4091

	5
	0  0  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0  0  0  0  1  0  0
	1.5912,  1.1500

	6
	0  0  1  0  1  1  0  0  0  0  0  0  0  1  0  0  1  0  0  1  1  0  1  0
	1.6542,  1.4099

	7
	0  0  1  1  1  0  0  0  1  1  1  0  0  0  0  0  0  1  0  0  0  0  1  0
	1.5926,  1.1476

	8
	0  0  1  0  1  1  1  0  1  0  1  0  0  1  0  0  1  0  0  1  0  0  1  0
	1.5926,  1.1500

	9
	1  0  0  1  0  0  0  0  0  0  0  1  1  0  1  0  0  0  1  0  1  1  0  0
	1.6543,  1.5926

	10
	1  0  0  0  0  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0  0  0  0
	1.4106,  1.4091

	11
	1  0  0  0  0  0  0  0  1  1  0  1  0  0  0  1  0  1  1  0  0  1  0  0
	1.6543,  1.5926

	12
	1  0  0  1  0  1  0  1  1  1  0  1  0  0  0  1  0  0  1  0  0  1  0  0
	1.1476,  1.5918

	13
	1  0  0  0  0  0  0  0  1  0  0  1  0  0  1  1  0  1  0  0  0  1  0  1
	1.5912,  1.6543

	14
	1  0  0  0  1  1  1  0  0  0  1  1  1  1  1  1  0  1  1  1  1  0  1  1
	1.1476,  1.6543

	15
	1  1  0  0  1  0  1  0  1  0  0  0  1  1  1  0  0  1  1  1  1  0  1  1
	1.5926,  1.5926

	16
	1  0  0  0  1  1  1  1  1  1  0  1  1  1  1  0  1  1  1  0  0  0  1  1
	1.1500,  1.4099

	17
	1  1  0  0  1  0  1  1  1  0  1  0  0  1  1  0  1  1  0  1  1  1  1  1
	1.6543,  1.6499

	18
	1  0  1  1  0  1  1  1  0  1  0  0  0  1  0  1  0  1  1  0  1  1  0  1
	1.1476,  1.6542

	19
	1  1  1  0  0  0  1  0  0  0  0  1  0  0  0  0  0  0  1  1  1  0  0  0
	1.6543,  1.4091

	20
	1  1  1  0  0  0  1  1  0  0  0  0  1  0  0  0  0  1  1  0  1  0  1  0
	1.5912,  1.1500

	21
	1  0  1  0  0  0  1  0  1  1  0  0  1  0  0  1  0  0  0  0  0  0  0  1
	1.6542,  1.4099

	22
	1  0  1  1  0  1  1  0  1  1  0  1  1  1  0  1  0  0  0  1  0  1  0  1
	1.5926,  1.1476

	23
	1  1  1  0  0  0  1  1  1  0  0  0  1  0  0  0  0  1  0  0  0  0  0  0
	1.5926,  1.1500

	24
	1  0  1  0  0  0  1  1  1  0  0  1  1  1  1  0  1  1  1  1  0  0  1  0
	1.6543,  1.5926

	25
	1  0  1  0  0  0  1  0  1  0  1  1  0  1  1  0  1  1  0  1  1  0  1  1
	1.4106,  1.4091

	26
	1  1  1  0  0  0  1  1  1  1  1  1  0  1  1  1  1  0  1  1  1  0  0  0
	1.6543,  1.5926

	27
	1  0  1  0  0  0  1  0  1  1  1  0  1  1  0  1  1  0  1  1  0  1  1  0
	1.1476,  1.5918

	28
	1  1  1  0  0  1  1  1  1  0  1  1  1  1  0  0  1  0  1  0  1  0  0  0
	1.5912,  1.6543

	29
	1  0  1  0  1  0  0  1  0  0  1  0  0  1  0  0  1  0  0  0  1  0  1  1
	1.1476,  1.6543



[bookmark: _Ref534974652]Table 9. CGS of length 24 based on Scheme 2
	Index
	sequence
	PAPR (Port 1, Port 2)

	0
	0  0  0  0  0  0  1  0  0  1  0  0  1  1  1  0  1  0  1  0  0  1  1  1
	1.0125,  1.0233

	1
	0  0  0  0  0  0  1  1  0  0  1  0  1  0  0  1  1  0  1  0  1  1  1  0
	1.2587,  1.5191

	2
	0  0  0  0  1  0  0  1  0  1  0  1  0  0  1  1  0  0  0  0  0  1  1  0
	1.2582,  1.5141

	3
	0  0  0  0  1  0  0  0  0  1  1  0  1  1  1  0  1  0  0  0  1  1  0  1
	1.1758,  1.2581

	4
	0  0  0  0  1  0  0  1  0  0  1  1  1  0  1  0  1  0  0  1  1  1  0  0
	1.0129,  1.0244

	5
	0  0  0  0  1  0  0  1  1  0  1  0  0  0  0  0  1  1  0  0  0  1  0  1
	1.7849,  1.5275

	6
	0  0  0  0  1  1  0  0  1  0  1  0  0  1  1  0  1  0  1  1  1  0  0  0
	1.2582,  1.5141

	7
	0  0  0  0  1  0  0  1  1  1  1  1  1  0  0  1  0  1  0  1  0  0  1  1
	1.0238,  1.1638

	8
	0  0  0  0  1  1  0  0  1  0  1  1  1  0  0  1  0  1  0  1  1  0  0  0
	1.0243,  1.1660

	9
	0  0  0  0  1  1  0  0  1  0  1  0  1  0  0  1  1  1  1  1  1  0  0  1
	1.0238,  1.1638

	10
	0  0  0  0  1  0  0  0  1  1  1  0  1  0  1  1  0  1  1  0  1  1  1  0
	1.3149,  1.5081

	11
	0  0  0  0  1  0  1  1  0  0  0  1  0  1  1  1  0  1  1  0  0  0  0  1
	1.1758,  1.2581

	12
	0  0  0  0  1  1  1  0  0  1  0  1  0  1  1  1  0  0  1  0  0  1  0  0
	1.0125,  1.0233

	13
	0  0  0  0  1  0  1  1  0  0  1  0  0  0  0  1  0  1  0  0  0  1  1  0
	1.5288,  1.7809

	14
	0  0  0  0  1  1  1  0  0  0  1  0  0  1  0  1  0  0  0  1  0  0  1  0
	1.3112,  1.5049

	15
	0  0  0  0  1  0  1  0  0  0  1  1  0  0  0  0  0  1  0  1  1  0  0  1
	1.7849,  1.5275

	16
	0  0  0  0  1  1  1  0  1  1  0  1  1  0  1  0  1  1  1  0  0  0  1  0
	1.5049,  1.3112

	17
	0  0  0  0  1  0  1  1  1  0  1  0  0  1  1  1  0  1  1  1  1  0  1  1
	1.1758,  1.2581

	18
	0  0  0  0  1  1  1  0  1  0  1  1  0  0  1  0  1  0  0  1  1  0  0  0
	1.5141,  1.2582

	19
	0  0  1  0  0  0  0  1  0  1  0  0  0  1  1  0  0  0  0  0  1  0  1  1
	1.5275,  1.7849

	20
	0  0  1  0  0  1  0  1  0  0  0  1  0  0  1  0  0  0  0  0  1  1  1  0
	1.3137,  1.5059

	21
	0  0  1  0  0  1  0  0  0  1  0  1  0  0  1  0  0  0  1  1  1  0  0  0
	1.5049,  1.3112

	22
	0  0  1  0  0  1  0  1  0  1  0  0  1  1  0  0  0  0  0  1  1  0  0  0
	1.2590,  1.5194

	23
	0  0  1  0  0  1  0  0  0  0  0  1  1  1  0  0  0  1  0  0  1  0  1  0
	1.5059,  1.3137

	24
	0  0  1  0  0  1  0  1  0  0  0  1  1  1  0  1  1  1  1  1  0  0  0  1
	1.5081,  1.3149

	25
	0  0  1  0  0  1  0  0  0  0  0  0  1  1  1  0  0  1  0  1  0  1  1  1
	1.0129,  1.0244

	26
	0  0  1  0  0  1  0  1  0  1  1  1  0  0  0  1  1  0  1  1  1  1  1  1
	1.0244,  1.0129

	27
	0  0  1  0  0  0  0  1  0  1  1  0  0  0  1  0  1  1  1  0  1  1  0  0
	1.2581,  1.1758

	28
	0  0  1  0  0  0  0  0  0  1  1  0  1  1  0  1  0  1  0  0  0  1  1  1
	1.0129,  1.0244

	29
	0  0  1  0  0  1  0  0  0  1  1  1  1  1  0  1  1  1  0  0  0  1  0  1
	1.3112,  1.5049
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