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Introduction
In RAN1#86bis, the following agreements were reached on new UL DMRS sequences of lengths 6,18 and 30 for IFDMA [1]:
Agreements: 
· IFDMA details
· IFDMA DMRS with RPF=2 only will be supported in Rel-14
· Lengths of 6, 18 and 30 DMRS based sequences are supported for RPF=2 
· Length-30 base sequence is FFS until RAN1#87 (e.g. Table 6 in  R1-1609850)
· Length-18 base sequences design refer Table 3 in R1-1608928
· Length-6 base sequence design refer to Table 4 in R1-1609850
· Additional 3dB power boosting is used for IFDMA DMRS with RPF=2

The remaining issue is on length-30 base sequence design.  In this contribution, we discuss the design considerations for length 30 base sequences and provide our view on the candidate base sequences.
Length 30 DMRS based sequences 
There are two possible options for generating length 30 UL DMRS base sequences, i. e.

· Option 1:   by truncating length 31 ZC sequences, i.e. by dropping the first or the last entry of each of the ZC sequences  [2]
· Option 2:  use computer generated (CG) sequences as in [3]

To ensure high UE power efficiency and low inter-cell interference, the same low cubic metric (CM) and low cross-correlation properties as summarized in [4] should be used as the design criteria.  Length 30 sequences are to be used for PUSCH transmissions scheduled with 5RBs and RPF-2. For UEs scheduled with 5RBs, they are more likely cell edge UEs transmitting at close to their maximum power. Therefore, maintaining low cubic metric seems to be more important in this case.  Thus given similar cross correlations, a low cubic metric should be given higher priority.  

Observation 1: 	UEs scheduled with 5RBs are more likely cell edge UEs, thus a low cubic metric on the DMRS base sequences is of particular importance.

Proposal 1:  	A low cubic metric for the DMRS base sequences should be given higher priority.
 
A set of computer generated (CG) length-30 sequences are listed in Table 2 in the Appendix.  Table 1 shows the cross correlation and cubic metric properties of the CG sequences and a set of length-30 DMRS base sequences obtained from truncating the length-31 ZC sequences, where the Rel-8 length 36 DMRS sequences are also included for comparison. 
It can be seen that the computer generated length-30 sequences have lower CMs (mean, max and median), particularly the maximum CM, and lower mean and median cross correlation than the truncated ZC sequences, only slightly higher maximum cross correlation.  So from CM and cross correlation perspective, the CG sequences are preferred.   
In terms of complexity, CG sequences require some additional memory to store the sequences. Since the sequences are QPSK sequences, each entry needs 2bits of memory. So each sequence needs 60 bits and total 1800bits are required for the 30 sequences. Generally, this small amount of additional memory should not to be a concern. 

[bookmark: _Ref461393086]Table 1: truncated ZC vs. Computer generated length 30 base sequences
	 
	Cubic Metric (method 2 in [4])

	
	Mean
	Max
	Median

	Truncated from length 31 ZC 
	1.2102
	2.4371
	1.043

	Computer generated sequences shown in Table 2
	0.8719
	0.9998
	0.9109

	Rel-8 3RB (length 36)
	0.8958
	1.3336
	0.9079

	 
	Cross Correlation (method 5 in [4])

	 
	Mean
	Max
	Median

	Truncated from length 31 ZC 
	0.1809
	0.2172
	0.1768

	Computer generated sequences shown in Table 2
	0.1568
	0.359
	0.1491

	Rel-8 3RB (length 36)
	0.1842
	0.2591
	0.1854



Observation 2: The set of 30 computers generated length 30 sequences have lower CMs as well as lower mean and median cross correlation than the truncated ZC sequences, only slightly higher maximum cross correlation.
To get a better understanding of  the cross correlation and cubic metric of the proposed length-30 sequences, Figure 1 shows the CDF curves of cubic metric of both the truncated and computer generated length-30 sequences in Table 2, together with the agreed and legacy DMRS base sequences of  lengths  6, 12, 18, 24 and 36.   It can be seen that for all the legacy and agreed DMRS sequences, the maximum CM is below 1.5dB, while for more than 45%  of the truncated ZC length-30 sequences, their CMs exceed 1.5dB.   
Observation 3:  The highest cubic metric of the legacy and the agreed length-6 to length-36 DMSR sequences is about 1.5dB, while more than 45% of the length-30 truncated ZC sequences have a cubic metric higher than 1.5dB.
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[bookmark: _Ref466556762]Figure 1: Cubic metric CDFs for length-6 to length-36 DMRS base sequences

Figure 2 below shows the CDF curves of cross correlation of the truncated and computer generated length-30 sequences in Table 2, together with the agreed and legacy DMRS base sequences of lengths 6, 12, 18, 24 and 36.  It can be seen that the computer generated length-30 sequences have consistently lower cross correlation than the other sequences of smaller lengths (i.e. 6,12,18,24). In addition, more than 80 percentile of the computer generated length-30 sequences have lower cross correlation than the ones with truncated ZC sequences.

Observation 4:  The proposed length-30 CG sequences have consistently lower cross correlation than the legacy or the agreed DMR sequences of shorter lengths.

Observation 5:  More than 80 percentile of the computer generated length-30 sequences have lower cross correlation than the ones with truncated ZC sequences.
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[bookmark: _Ref466556780]Figure 2: Cross correlation CDFs for length-6 to length-36 DMRS base sequences

Furthermore, as shown in Figure 3, low cross correlation is good for inter-cell interference only when UEs in different cells are scheduled on the same bandwidth as in the example shown in  Figure 3(a), which is likely a rare scenario particularly for IFDMA.    In most cases, UEs in different cells are likely scheduled with different bandwidth as in the examples shown in Figure 3(b) to (d).  In these scenarios, the cross correlation is not relevant anymore because DMRS with different lengths are overlapped. 

Observation 6:  Cross correlation is only relevant when UEs in different cells are scheduled on fully overlapped bandwidth, which is likely a rare scenario in practice.

[image: ] 
[bookmark: _Ref466561679]Figure 3: An example of scenarios where cross correlation of the DMRS sequences  can or cannot be used to reduce inter-cell interference: (a) cross correlation is relevant;  (b)(c)(d)  cross correlation is irrelevant.

Given the above observations, we have the following proposal:
Proposal 2: 	Adopt the set of computer generated length 30 sequences listed in Table 2 as length 30 UL DMRS base sequences. 
Conclusion
In this contribution, we have discussed two options for length 30 UL DMRS base sequence designs. Based on the discussions, we have the following observations and proposals:

Observation 1: 	UEs scheduled with 5RBs are more likely cell edge UEs, thus a low cubic metric on the DMRS base sequences is of particular importance.
Observation 2: 	The set of 30 computers generated length 30 sequences have lower CMs as well as lower mean and median cross correlation than the truncated ZC sequences, but slightly higher maximum cross correlation.
Observation 3:  The highest cubic metric of the legacy and the agreed length-6 to length-36 DMSR sequences is about 1.5dB, while more than 45% of the length-30 truncated ZC sequences have a cubic metric higher than 1.5dB.
Observation 4:  The proposed length-30 CG sequences have consistently lower cross correlation than the legacy or the agreed DMR sequences of shorter lengths.
Observation 5:  More than 80 percentile of the computer generated length-30 sequences have lower cross correlation than the ones with truncated ZC sequences.
Observation 6:  Cross correlation is only relevant when UEs in different cells are scheduled on fully overlapped bandwidth, which is likely a rare scenario in practice.

Proposal 1:  	A low cubic metric for the DMRS base sequences should be given higher priority.
[bookmark: _GoBack]Proposal 2: 	Adopt the set of computer generated length 30 sequences listed in Table 2 as length 30 UL DMRS base sequences. 
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Appendix

[bookmark: _Ref461392990]Table 2: Length-30 computer generated base sequences, 
	u
	φ(0), φ(1),…, φ(15)

	0
	1
	3
	-3
	3
	-3
	-1
	-3
	-3
	1
	-3
	1
	-3
	-1
	-1
	1
	-3

	1
	1
	-3
	1
	-3
	-3
	3
	-1
	1
	-1
	3
	-3
	-3
	1
	3
	-1
	-3

	2
	1
	-3
	-1
	-1
	-3
	1
	1
	3
	1
	1
	-3
	-3
	3
	1
	-3
	-1

	3
	3
	3
	-1
	1
	3
	-1
	-3
	1
	3
	-1
	-1
	1
	-1
	3
	1
	1

	4
	-3
	-3
	-3
	3
	-1
	-1
	-1
	1
	-1
	-1
	-3
	-3
	-1
	-1
	3
	-1

	5
	3
	1
	3
	-1
	-3
	1
	-3
	-1
	3
	-3
	1
	3
	1
	-3
	-3
	-1

	6
	1
	-1
	-3
	3
	-3
	-3
	3
	3
	3
	3
	3
	-3
	-1
	1
	3
	3

	7
	1
	1
	-1
	-1
	-1
	-3
	-1
	1
	-1
	1
	-1
	3
	-1
	1
	1
	-3

	8
	-3
	-3
	-3
	3
	-3
	3
	-3
	-3
	-1
	1
	1
	1
	-3
	-3
	1
	3

	9
	-3
	1
	3
	3
	-3
	-1
	3
	1
	3
	3
	3
	3
	1
	3
	-1
	-3

	10
	-3
	-3
	-1
	-1
	1
	1
	-1
	-3
	1
	-3
	1
	-1
	-1
	-1
	-1
	-3

	11
	-1
	1
	-1
	3
	3
	-1
	-3
	3
	1
	-1
	-1
	-1
	1
	1
	1
	1

	12
	1
	1
	3
	1
	-3
	1
	-1
	-1
	1
	1
	3
	-1
	3
	-3
	-1
	1

	13
	-3
	-3
	3
	1
	-3
	3
	-3
	-3
	-1
	-3
	1
	3
	-3
	-1
	-3
	1

	14
	3
	-3
	1
	1
	1
	-3
	-1
	-1
	-3
	-3
	1
	-1
	-3
	-1
	1
	-3

	15
	3
	-3
	1
	3
	3
	-3
	1
	3
	-3
	-3
	-3
	-1
	1
	3
	1
	-3

	16
	-3
	-1
	-3
	-3
	1
	-3
	1
	3
	-3
	3
	-1
	-3
	-3
	-3
	-3
	3

	17
	-3
	-1
	1
	3
	-1
	1
	-1
	1
	3
	3
	3
	-3
	-1
	-3
	1
	-1

	18
	-1
	3
	-3
	1
	3
	1
	1
	-1
	-3
	3
	3
	-3
	-1
	3
	-3
	-3

	19
	1
	-1
	1
	3
	3
	3
	-3
	3
	-1
	-3
	3
	-3
	-3
	1
	-3
	-1

	20
	-3
	3
	1
	-3
	1
	-1
	1
	3
	-3
	-1
	-1
	1
	1
	1
	-1
	3

	21
	-3
	1
	-1
	1
	1
	-3
	-3
	-3
	-1
	3
	1
	-1
	1
	3
	1
	-1

	22
	-3
	-1
	1
	-3
	-3
	-1
	-3
	-1
	-3
	1
	-1
	1
	-3
	-1
	1
	1

	23
	-3
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	3
	3
	-1
	-3
	3
	1

	24
	1
	-3
	-1
	1
	-3
	3
	-3
	-1
	3
	3
	-1
	-3
	-3
	3
	1
	3

	25
	-1
	-1
	-1
	-1
	3
	-1
	1
	-1
	1
	3
	-1
	3
	3
	-3
	-3
	1

	26
	1
	1
	1
	-1
	1
	1
	-1
	-3
	3
	3
	-1
	-3
	1
	-3
	-3
	1

	27
	3
	1
	1
	-1
	3
	3
	3
	-1
	-3
	-3
	-3
	-3
	-3
	3
	1
	1

	28
	1
	-3
	3
	-1
	1
	3
	-1
	3
	1
	3
	3
	3
	-1
	1
	1
	3

	29
	-1
	3
	-3
	1
	-3
	-1
	3
	3
	-1
	-3
	3
	-3
	3
	1
	3
	1



	u
	φ(16), φ(17),…, φ(29)

	0
	-1
	1
	1
	-1
	-3
	-3
	-3
	1
	-3
	3
	-1
	-3
	3
	1

	1
	-3
	-1
	1
	-1
	-1
	-1
	1
	-1
	-3
	-3
	3
	-3
	-3
	1

	2
	-3
	1
	-3
	-1
	-3
	-3
	-1
	3
	-3
	-3
	-3
	1
	3
	3

	3
	1
	3
	-1
	-3
	-3
	1
	3
	-3
	-3
	3
	1
	1
	3
	3

	4
	3
	3
	-3
	-1
	1
	-3
	-3
	3
	-1
	1
	3
	-1
	-3
	3

	5
	-1
	3
	3
	-3
	1
	-1
	-3
	-1
	1
	1
	-1
	-1
	-1
	-1

	6
	-3
	1
	-3
	-1
	-3
	-1
	1
	1
	-1
	3
	3
	3
	1
	-3

	7
	3
	-3
	3
	3
	-3
	-3
	-1
	1
	1
	-1
	3
	3
	-1
	-3

	8
	-1
	1
	-1
	3
	-3
	1
	-3
	-3
	1
	-1
	-3
	-1
	3
	1

	9
	-1
	-3
	-3
	-1
	1
	-3
	1
	3
	-3
	3
	1
	-1
	-1
	-3

	10
	-1
	3
	-3
	1
	3
	-1
	3
	3
	-1
	-1
	-3
	3
	-3
	1

	11
	-3
	-1
	3
	1
	3
	1
	-3
	-1
	-1
	-3
	-3
	-1
	3
	-3

	12
	-3
	-3
	-1
	-1
	1
	-1
	-1
	-3
	1
	3
	3
	1
	1
	-1

	13
	-3
	-1
	3
	1
	3
	1
	1
	3
	3
	1
	-3
	-1
	-1
	-3

	14
	1
	-3
	-1
	1
	1
	-3
	3
	-3
	3
	-1
	-3
	1
	-1
	1

	15
	-1
	-1
	-3
	-1
	-3
	3
	-3
	3
	1
	-1
	-3
	3
	1
	-1

	16
	-1
	1
	-1
	3
	-1
	-1
	1
	3
	1
	-1
	-3
	-1
	1
	3

	17
	3
	-1
	-1
	-3
	1
	-1
	-1
	-3
	-1
	-3
	-3
	-3
	3
	1

	18
	-1
	-1
	-3
	3
	1
	3
	3
	3
	-3
	1
	-1
	3
	1
	-3

	19
	3
	-3
	-3
	3
	3
	3
	-3
	1
	1
	1
	-1
	-1
	3
	3

	20
	1
	1
	-1
	-1
	3
	-3
	1
	-3
	-3
	-3
	1
	-3
	1
	1

	21
	-3
	3
	-3
	-3
	-1
	-3
	-3
	-3
	3
	-3
	-1
	3
	-3
	3

	22
	-3
	-3
	-3
	-3
	1
	-1
	-3
	3
	-1
	3
	3
	1
	-1
	-1

	23
	-3
	1
	-1
	1
	-3
	3
	-3
	1
	-1
	-1
	3
	-3
	1
	3

	24
	-1
	-1
	1
	-1
	-3
	1
	-3
	-1
	-1
	-1
	1
	1
	3
	-1

	25
	1
	3
	3
	-1
	3
	-1
	-3
	1
	3
	-1
	-3
	3
	3
	1

	26
	-1
	1
	-1
	1
	3
	-3
	1
	3
	-1
	3
	-1
	-1
	1
	3

	27
	3
	-3
	-1
	1
	3
	1
	-3
	3
	1
	-1
	1
	-1
	1
	3

	28
	1
	-3
	-1
	-3
	-1
	-1
	3
	-1
	1
	1
	1
	-1
	-3
	3

	29
	3
	1
	-1
	-1
	3
	-3
	-3
	1
	1
	1
	1
	1
	3
	3
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