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Introduction
In RAN1#94bis meeting, one working assumption was achieved as follows
Working Assumption
· 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
· For the next meeting:
· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211
· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol 
· Whether is it in scope of WI and if so, whether to specify a solution
In this contribution, we provide our suggestions on both DMRS and CSI-RS PAPR issues for CP-OFDM and DFT-s-OFDM. In addition, we provide our views on power imbalance issues.
Discussion
DMRS PAPR for CP-OFDM
To make the discussion clear, the Rel-15 sequence generation is listed as follows
--------------------------------------------- 38.211 section 7.4.1.1.1 ----------------------------------------------------------------
[image: ]

where  is the OFDM symbol number within the slot,   is the slot number within a frame, and
-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_1 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI
-	 is given by the higher-layer parameter scramblingID0 in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;
-	 otherwise;
-------------------------------------------------------------------------------------------------------------------------------------------
· For DMRS type 1, if cinit generated by nSCID = 0 and nSCID = 1 are for CDM group 0 and CDM group 1 respectively, one of approaches to change the formula of cinit  can be following  

 (1)
Wherein cdm is the DMRS CDM group index 0 or 1.




If  and  are different, DMRS sequences in two CDM groups are different accordingly, then PAPR can be reduced. If  and  are the same, e.g. equal to cell ID, DMRS sequences can be the same as Rel-15. 




For MU-scheduling between Rel-15 UE and Rel-16 UE, the same cinit in different CDM groups are very helpful since co-scheduled Rel-15 user can detect MU-interference assumed the same sequence. In other words, when Rel-15 UEs and Rel-16 UEs are co-scheduled, the same values of  and can be configured if PAPR is not an issue. Although this method has backward compatibility when the same values of  and  are configured for DMRS type 1, this method cannot be reused for DMRS type 2.
· For DMRS type 2, CDM group index is included in the formula cinit based on the working assumption. So we propose a formula as follows

 (2)
Wherein cdm is the DMRS CDM group index and K is a scaling factor which can be larger than 1 for more randomization.


This method can always reduce PAPR. However, if K>0, it has no backward compatibility even when the same values of  and  are configured and PAPR is not an issue. When Rel-15 UE and Rel-16 UE are co-scheduled, the Rel-15 user cannot accurately detect MU-interference since it cannot know the DMRS sequence of the Rel-16 UE.


Therefore, we propose K is 0 if  and  are the same. Or else K is positive integer, e.g. 8. To make a consistent solution for both DMRS type 1 and DMRS type 2, we suggest
Proposal 1: Using following formula for both DMRS type 1 and type 2: 



wherein cdm is the DMRS CDM group index. K=0 if  and  are the same. Otherwise K=8.

 CSI-RS PAPR
Rel-15 CSI-RS sequence mapping in NR is very similar to the DMRS type 2. Figure 2.2 shows the simulation results for 8 port CSI-RS which maps on one OFDM symbol. Data is mapped on the remaining 4 REs. In the simulation, 100 PRBs are assumed, and the phase of precoder factor of each Tx for CSI-RS is a random value within the range 0 - 2pi. From the results, we can see PAPR is reduced by the new sequence mapping which has same level PAPR with PDSCH.  
[image: csi]
Figure 2.2 The ratio of power and average power for CS-RS
If enhancement of DMRS PAPR reduction is confirmed, it has no reason not to support the CSI-RS enhancement.  The similar formula for DMRS can be used.
Proposal 2: Support the enhancement of CSI-RS sequence if DMRS enhancement is confirmed.



DMRS PAPR for DFT-s-OFDM
In Rel-15, ZC and CGS sequences with QPSK modulation for DMRS are used for UL DFT-s-OFDM no matter what modulation order is used for PUSCH or PUCCH. However, when pi/2 BPSK is used for PUSCH or PUCCH, DMRS based on ZC and CGS sequences with QPSK modulation may have higher PAPR than data. 
In order to verify the PAPR mismatch between data and DMRS in the case when pi/2 BPSK is used for PUSCH or PUCCH, we provide our simulation results as shown in Figure 2.3(a) and (b) for ZC and CGS sequences respectively. 
[image: ]
(a)
[image: ]
(b)
Figure 2.3-1 the PAPR distribution for UL data and DMRS
Figure 2.3-1(a) shows PAPR distribution of the sequence lengths 96 and 180. In case when ZC sequences are used for UL DMRS, if FDSS is not applied, it can be observed that the PAPRs of data and DMRS are at the similar level. But when FDSS[footnoteRef:1] is applied to both DMRS and data, the PAPR for data can be reduced significantly. The PAPR gap between data and DMRS is about 2dB.  [1:  FDSS corresponds to a time-domain response of [-0.28,1,-0.28]] 

For the case when CGS sequences with lengths 12, 18 and 24 are used for UL DMRS, if FDSS is not applied, the PAPR of DMRS is lower than that of pi/2-BPSK, as shown in Figure 2.3-1(b). But when FDSS is applied, the PAPR for pi/2-BPSK is reduced while the PAPR for CGS sequences is increased. Even when FDSS is only applied to data and not to CGS sequences, the PAPR gap between CGS sequences and pi/2 BPSK is still more than 1dB. Considering that pi/2 BPSK modulation is usually applied together with FDSS, the PAPR gap between data and DMRS should be taken into account. 
For sequences with length larger than 36, it was proposed in [7] that PN sequences modulated by pi/2-BPSK can be used as the new sequences for DMRS. We think it is a straightforward way to solve the PAPR issues. Figure 2.3-2 and Table 2.3-1 gives the PAPR property with PN sequences modulated by pi/2-BPSK for different sequence lengths. It can be observed that PAPR is significantly reduced compared with ZC sequence with QPSK modulation. 
[image: ]
Figure 2.3-2 PAPR distributions of PN sequences modulated by pi/2-BPSK.
Table 2.3-1 PAPR property for sequence length=36/48/60/72/96
[image: ]

For sequences with smaller RB allocation, in order to get the good cross-correlation and low PAPR, 30 sequences can be selected based on computer generated by setting proper selection criteria, such as a predefined threshold for PAPR and cross correlation between two sequences within the sequences group. The resulted sequences for length 6/12/18/24/30 are shown in Table A-1/2/3/4/5 respectively and the PAPR and cross correlation property of the selected sequences are list in Table 2.3-2. Compared with Table 2.3-3 which shows the PAPR for PN sequences with pi/2 PBSK, the selected sequences in Table A-1/2/3/4/5 have much lower PAPR. 
Table 2.3-2 PAPR and XCorr based on selected sequences for length=6/12/18/24/30 
[image: ]
Table 2.3-3 PAPR based on PN sequence for length=12/18/24/30 
[image: ]
Proposal 3: Support PN sequences modulated by pi/2-BPSK for PUCCH/PUSCH DMRS when the sequence length is equal or larger than 36.
Proposal 4: Support CGS sequences modulated by pi/2-BPSK for PUCCH/PUSCH DMRS when the sequence length is 6, 12, 18, 24,30 . 
· The sequences in Table A-1, A-2, A-3, A-4 and A-5 should be supported.
Power imbalance


In RAN1#94bis meeting, several companies mentioned power imbalance issue of Rel-15 DMRS design. Some possible solutions were proposed, e.g. port-specific phase rotation [3]. More specifically, the OCC for DMRS port p is defined to be , and  phase  can take value from {1, -1, j, -j}. Since one DMRS port corresponds to one layer transmission, this solution can also be called layer-specific phase rotation.
For DL, this layer specific phase rotation can be simultaneously used for both data and DMRS port as described in the following formula: 

   



wherein  is the estimation channel based on DMRS port which is multiplied by ,  y is the received data signal which is also multiplied by .
In this case, there is not any standard impact. The power imbalance issue can be solved by gNB implementation as shown in Figure 2.4. 
[image: ]
Figure 2.4 layer-specific phase rotation is used for both data and DMRS port
Observation 1: The power imbalance issue for DL can be solved by gNB implementation by applying layer-specific phase rotation for both data and DMRS port.
Similarly, the solution can also be used for UL if UE has such ability to use layer-specific phase rotation for both data and DMRS port
Observation 2: The power imbalance issue for UL can be solved by UE implementation if layer specific phase rotation can be used for both data and DMRS port at the UE side.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to enhancement of PAPR reduction on DMRS and CSI-RS. In addition, we provide our views on power imbalance issue.
Proposal 1: Using following formula for both DMRS type 1 and type 2: 



wherein cdm is the DMRS CDM group index. K=0 if  and  are the same. Otherwise K=8.
Proposal 2: Support the enhancement of CSI-RS sequence if DMRS enhancement is confirmed.


Proposal 3: Support PN sequences modulated by pi/2-BPSK for PUCCH/PUSCH DMRS when the sequence length is equal or larger than 36.
Proposal 4: Support CGS sequences modulated by pi/2-BPSK for PUCCH/PUSCH DMRS when the sequence length is 6, 12, 18, 24, 30 . 
· The sequences in Table A-1, A-2, A-3, A-4 and A-5 should be supported.

Observation 1: The power imbalance issue for DL can be solved by gNB implementation by applying layer-specific phase rotation for both data and DMRS port.
Observation 2: The power imbalance issue for UL can be solved by UE implementation if layer specific phase rotation can be used for both data and DMRS port at the UE side.
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Appendix
Table A1. New sequences for Length=6
	u
	

	PAPR

	0
	0
	0
	0
	0
	0
	1
	1.5333

	1
	0
	0
	0
	1
	0
	1
	1.5333

	2
	0
	0
	1
	0
	0
	0
	1.5333

	3
	0
	0
	1
	0
	1
	1
	1.1767

	4
	0
	0
	1
	1
	0
	1
	1.1766

	5
	0
	0
	1
	1
	1
	0
	0.7839

	6
	0
	1
	0
	0
	0
	1
	1.5333

	7
	0
	1
	0
	0
	1
	0
	0.7839

	8
	0
	1
	0
	1
	0
	0
	1.5333

	9
	0
	1
	0
	1
	1
	1
	1.5333

	10
	0
	1
	1
	0
	0
	1
	0.9858

	11
	0
	1
	1
	0
	1
	0
	0.9858

	12
	0
	1
	1
	0
	1
	1
	0.7839

	13
	0
	1
	1
	1
	1
	0
	0.9858

	14
	1
	0
	0
	0
	0
	0
	1.5333

	15
	1
	0
	0
	0
	1
	0
	1.5333

	16
	1
	0
	0
	0
	1
	1
	0.7839

	17
	1
	0
	0
	1
	1
	1
	0.9858

	18
	1
	0
	1
	0
	0
	1
	0.9858

	19
	1
	0
	1
	1
	0
	0
	1.1767

	20
	1
	0
	1
	1
	1
	1
	1.5333

	21
	1
	1
	0
	0
	0
	0
	1.1767

	22
	1
	1
	0
	0
	1
	1
	1.1767

	23
	1
	1
	0
	1
	0
	1
	1.5333

	24
	1
	1
	0
	1
	1
	0
	0.7839

	25
	1
	1
	1
	0
	0
	0
	0.7839

	26
	1
	1
	1
	0
	0
	1
	0.9858

	27
	1
	1
	1
	0
	1
	1
	1.5333

	28
	1
	1
	1
	1
	0
	0
	1.1766

	29
	1
	1
	1
	1
	0
	1
	1.5333



Table A2. New sequences for Length=12
	u
	

	PAPR

	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0.8991

	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0.7533

	2
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0.7532

	3
	0
	1
	0
	1
	1
	1
	1
	0
	1
	0
	0
	0
	0.7536

	4
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0.9019

	5
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0.9137

	6
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0.8991

	7
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0.7779

	8
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0.8991

	9
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0.7533

	10
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0.7533

	11
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0.9018

	12
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	0.8334

	13
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0.7533

	14
	1
	0
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	0.7779

	15
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0.7779

	16
	1
	1
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0.8375

	17
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0.8013

	18
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0
	0.8375

	19
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0.8375

	20
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	1
	0
	0.8375

	21
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0
	0.8013

	22
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0.8333

	23
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0

	24
	1
	1
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0.8375

	25
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0.7533

	26
	0
	0
	0
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0.7779

	27
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0.7779

	28
	0
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0.9018

	29
	1
	1
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0.8334



Table A3. New sequences for Length=18
	u
	

	PAPR

	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	0
	0
	0.7744

	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0.7979

	2
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0.7837

	3
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0.7837

	4
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0.782

	5
	0
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0.796

	6
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0.7716

	7
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0.7339

	8
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0.7862

	9
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0.7837

	10
	0
	1
	1
	0
	1
	0
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0.7779

	11
	0
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0.7861

	12
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0.796

	13
	0
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0.7381

	14
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0.7469

	15
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0.7837

	16
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0.738

	17
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0.7904

	18
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0.7903

	19
	1
	0
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0
	0.776

	20
	1
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0.7692

	21
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	1
	0
	0
	1
	0
	0.752

	22
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0.8001

	23
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0.7816

	24
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0.796

	25
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0.7878

	26
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0.743

	27
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	0
	0.796

	28
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0.738

	29
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0.795



Table A4. New sequences for Length=24
	u
	b(n), n=0,1,2,...,23
	PAPR

	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0.8152

	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0.7564

	2
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0.8229

	3
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0.8187

	4
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0.8041

	5
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1
	1
	0.8189

	6
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0.8238

	7
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0.8067

	8
	1
	0
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0.824

	9
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	0.8089

	10
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0.8253

	11
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0.7884

	12
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0.7487

	13
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	0.8265

	14
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0.8115

	15
	0
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	1
	1
	1
	0.8307

	16
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0.8243

	17
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0.8264

	18
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0.8198

	19
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0.817

	20
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0.8167

	21
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0.8212

	22
	0
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0.8147

	23
	0
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.7952

	24
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0.7906

	25
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	0.8111

	26
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0.8241

	27
	0
	1
	0
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0.8261

	28
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0.8139

	29
	1
	1
	0
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0.8264



Table A5. New sequences for Length=30
	u
	b(n), n=0,1,2,...,29
	PAPR

	0
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0
	1
	0.8468

	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0.8346

	2
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0.8014

	3
	1
	1
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0.808

	4
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	0
	0
	1
	0.8184

	5
	1
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0.8055

	6
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0.8424

	7
	1
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1
	0.8433

	8
	0
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	1
	0
	0.8368

	9
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0.8243

	10
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0.8325

	11
	0
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0.8464

	12
	1
	1
	0
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	1
	0.8295

	13
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	1
	0
	1
	0
	0.8003

	14
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0.8385

	15
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	0.7738

	16
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0.8264

	17
	0
	1
	0
	0
	1
	1
	0
	0
	1
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0.8485

	18
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0.8304

	19
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0.776

	20
	1
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0
	1
	0.8147

	21
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0.8337

	22
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	0
	0.8499

	23
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	0.7952

	24
	0
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0
	1
	1
	0.8357

	25
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1
	1
	0
	0.8462

	26
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0.8001

	27
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0.8447

	28
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0.834

	29
	0
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	1
	1
	0
	0.8037
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