3GPP TSG RAN WG1 #84bis                                                                        R1-163432
Busan, Korea, 11th - 15th April 2016
Source:               ZTE

Title:                    Uplink DMRS design for NB-IoT
Agenda item:      7.2.1.2.3
Document for:    Discussion and Decision

1. Introduction
The following was agreed for UL DMRS in RAN1#84 [1]:
Agreements:
· One OFDM symbol in each NB-slot is assumed for DM-RS transmission for NB-PUSCH with data

· Legacy DM-RS sequence with length 12 is used for 12-tone transmission
Agreements:
· DM-RS pattern for single tone NB-PUSCH that conveys data transmission:

· Alt.1 Element-wise product of 

· a Hadamard sequence (one row of a Hadamard matrix)

· a PN or Gold-sequence based binary random sequence

· Alt.2 Element-wise product of 

· a codeword from a linear cyclic code 

· a PN or Gold-sequence based binary random sequence

· Gold sequence or PN sequence is common (not cell_id dependent)

· Note: Choice of Alt.1 vs. Alt.2 depends on ratio on required number of sequences to sequence length
· Hadamard sequence or codeword from a linear cyclic code is cell_id dependent

· Preclude CDM within the same cell

· Gold sequence or PN sequence is reset in the first symbol of the transmission

· Length of the sequence for DM-RS is 16

Agreements:
· For 3-tone transmission, DM-RS is mapped to 3-tone in the same subcarriers as data

· For 6-tone transmission, DM-RS is mapped to 6-tone in the same subcarriers as data

· New DM-RS base sequences with length 6 are introduced at least for 6-tone transmission
· Working assumption: 16 different base sequences are provided

· DM-RS base sequence is based on QPSK symbols in the frequency domain

· FFS: One new DM-RS base sequence with length 3 is introduced for 3-tone transmission

· FFS: DM-RS base sequence is based on QPSK symbols in the frequency domain

· FFS: 6 cyclic shift values are supported for 6-tone transmission

· FFS: 3 cyclic shift values are supported for 3-tone transmission
Agreement:
· DMRS pattern for single tone NB-PUSCH that conveys data transmission:

· For 15 kHz subcarrier spacing, the 4th symbol of every 7 symbols (i.e. same as LTE).

In this contribution, remaining issues on uplink DMRS are presented.
2. Discussion

2.1. DMRS design for single tone PUSCH

2.1.1. DMRS sequence
Base on previous RAN1 meeting agreement, the following two alternatives are the candidates for DM-RS sequence selection:
· Alt.1 Element-wise product of 

· a Hadamard sequence (one row of a Hadamard matrix)

· a PN or Gold-sequence based binary random sequence

· Alt.2 Element-wise product of 

· a codeword from a linear cyclic code 

· a PN or Gold-sequence based binary random sequence

When the sequence length is 16, there are 16 orthogonal Hadamard sequence therefore the sequence number for Alt 1 is 16. For Alt 2, sequence number can be larger than the sequence length, for example, for the case of the linear cyclic code in [2], the total sequence number is 30. In table 1 the cross-correlation is given (assuming legacy LTE PN sequence).
Table 1 Cross-correlation for Alt 2 
	
	Mean 
	Median
	Maximum

	 Alt 2
	0.1867
	0
	0.5


As can be seen from Table 1 the cross-correlation property of Alt 2 is worse than Alt 1. Therefore we see the increase of sequence number is at the cost of cross-correlation property of the sequence.

Considering the good cross-correlation property of Hadamard we can extend the Hadamard sequence, for example use 
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. In appendix A an extended example was given with total 32 sequences, the cross-correlation is given in table 2.Table 2 extended Hadamard sequence cross-correlation.
	Table 2 Cross-correlation for extend Alt 1 
	Mean 
	Median
	Maximum

	 Alt 2
	0.0938
	0
	0.5


Considering the result in Table 1 and Table 2, the extended Hadamard sequence provides better performance.
Proposal 1: Alt1 is preferred for DMRS sequence for single tone PUSCH.
2.2. DMRS design for multi-tone PUSCH
For subcarrier number is 6, 16 QPSK symbol based sequence is chosen, with the corresponding CM shown in Figure 1 and cross-correlation in Table 3. The complete sequence is given in Appendix B.
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Figure 1 CM for 6-tone DMRS
Table 3 Cross-correlation between 6-tone sequence 

	6-tone
	Mean 
	Median
	Maximum

	 
	0.3016
	0.3333
	0.4714


The correlation with 12 length DM-RS sequence is given in Table 4.
Table 4 Cross-correlation between 6-tone sequence and 12- tone sequence

	6-tone
	Mean 
	Median
	Maximum

	vs. 12-tone
	0.3337
	0.3333
	0.8498


With cyclic shifting of the chosen sequence, a minimal of cross-correlation of 6 cyclic shift is ensured.
Based on the above analysis, we have the following proposal:
Proposal 2: The sequence in Appendix B shall be the 16 sequence for 6 subcarriers. 
For 3 subcarriers, same searching method is used. For a total of 16 sequences, the CM value of the chosen sequence is shown in Figure 2, and the cross-correlation value is shown in Table 5. In Table 6 the correlation with length 6 and length 12 DMRS sequence are given. The complete chosen sequence is given is Appendix C.
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Figure 2 CM for 3-tone DMRS
Table 5 Cross-correlation metrics between 3-tone sequences

	3-tone
	Mean 
	Median
	Maximum

	 
	0.4375
	0.3333
	1


Table 6 Cross-correlation between 3-tone sequence and 6- or 12- tone sequence

	3-tone
	Mean 
	Median
	Maximum

	 vs. 6-tone
	0.5262
	0.3333
	1

	vs. 12-tone
	0.5262
	0.3333
	1


From the above simulation result, for 3-tone DMRS sequence, the cross-correlation is worse. In order to improve the performance, the number of sequence needs to be reduced [2]. The sequences which sequence number is 2, 4, 8 are shown in Appendix D. Considering the impact on the standardization, we propose to truncate the sequence from the current DMRS sequence.
Proposal 3: The 3-tone DMRS sequence shall be truncated from current DMRS sequence.
Considering the number of sequence for DMRS is small, OCC spreading in time domain can be introduced to further reduce inter-cell interference.
Proposal 4: Time domain OCC should be considered for multi-tone DMRS.
3. Conclusion
In this contribution, more details and considerations of DMRS design for NB-IoT are presented. In summary, we propose:
Proposal 1: Alt1 is preferred for DMRS sequence

Proposal 2: The sequence in Appendix B shall be the16 sequence for 6 subcarriers . 
Proposal 3: The 3-tone DMRS sequence shall be truncated from current DMRS sequence.
Proposal 4: Time domain OCC should be considered for multi-tone DMRS.
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Appendix A
Table A DMRS sequence for single tone
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	0
	1
	1
	1
	1
	1
	-1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1

	1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	1
	-1

	2
	1
	1
	-1
	-1
	1
	-1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

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

	4
	1
	1
	1
	1
	-1
	1
	1
	1
	1
	-1
	1
	1
	1
	1
	-1
	-1

	5
	1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	-1
	1

	6
	1
	1
	-1
	-1
	-1
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	1

	7
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	1
	-1
	1
	-1

	8
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1

	9
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1

	10
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	1
	1
	1
	1
	1
	1

	11
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1

	12
	1
	1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	-1
	-1
	-1
	1
	1

	13
	1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	1
	-1

	14
	1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	-1
	-1
	-1
	-1

	15
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	1
	-1
	-1
	1
	-1
	1

	16
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	17
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1

	18
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	19
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	20
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1

	21
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	22
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1

	23
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1

	24
	1
	1
	1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	25
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1

	26
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1

	27
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1

	28
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	1

	29
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	30
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1

	31
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1


Appendix B

Table B DMRS sequence for 6-tone
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	0
	-3
	3
	-3
	-1
	3
	1

	1
	1
	-3
	-1
	-3
	1
	1

	2
	1
	3
	1
	-3
	-3
	1

	3
	-1
	1
	-3
	1
	1
	1

	4
	1
	1
	-1
	3
	-1
	1

	5
	1
	-1
	3
	-1
	1
	1

	6
	-3
	-1
	-3
	3
	-1
	1

	7
	3
	1
	1
	1
	-3
	1

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

	9
	1
	3
	3
	1
	-1
	1

	10
	-1
	3
	1
	3
	1
	1

	11
	-1
	-3
	3
	3
	-3
	1

	12
	-3
	-3
	1
	1
	-1
	1

	13
	-1
	3
	-1
	-1
	-1
	1

	14
	1
	1
	-3
	-1
	-3
	1

	15
	1
	-1
	1
	3
	3
	1


Appendix C

Table C DMRS sequence for 3-tone
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	0
	-3
	-3
	1

	1
	-1
	-1
	3

	2
	1
	1
	-3

	3
	3
	3
	-1

	4
	-3
	-1
	-3

	5
	3
	-3
	3

	6
	1
	3
	1

	7
	-1
	1
	-1

	8
	1
	-1
	1

	9
	3
	1
	3

	10
	-3
	3
	-3

	11
	-1
	-3
	-1

	12
	-3
	1
	1

	13
	1
	-3
	-3

	14
	-1
	3
	3

	15
	3
	-1
	-1


Appendix D

Table D-1-1 DMRS sequence for 3-tone
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	0
	1
	-3
	-3

	1
	-3
	-3
	-3


Table D-2-1 DMRS sequence for 3-tone
	u
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	0
	1
	-3
	-3

	1
	1
	1
	3

	2
	-3
	3
	-3

	3
	-3
	-1
	-3


Table D-3-1 DMRS sequence for 3-tone
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	0
	1
	-3
	-3

	1
	3
	-1
	-1

	2
	1
	1
	-3

	3
	3
	3
	-1

	4
	-1
	-1
	3

	5
	-3
	-1
	-3

	6
	-1
	1
	-1

	7
	3
	-3
	3
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