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1 Introduction

In the RAN1 NB-IoT meeting, followings are agreed for UL transmission [ 1 ]:
	RAN1 NB-IoT adhoc#2 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
· Sequence generation
· 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

· Phase rotation

· For single-tone modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the unrotated constellation point (as defined in Table 7.1.2-1 of TS 36.211 for QPSK and Table 7.1.1-1 for BPSK) by exp(j*m*π/2) for π/2-BPSK case and exp(j*m*π/4) for π/4-QPSK respectively

· Where m = ( symbol index mod 2 )

· symbol index counts from 0

· Note: The waveform generation should ensure that the phase transitions at symbol boundaries (i.e. between the end of one symbol and the start of the CP of the next symbol) match those defined by the used modulation scheme, i.e., ±π/2 for π/2-BPSK, and ±π/4 or ±3π/4 for π/4-QPSK

· DM-RS for multi-tone transmission

· 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

· 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).

· For 3.75 kHz subcarrier spacing, the 5th symbol of every 7 symbols in 2ms NB-slot


In this contribution, we discuss remaining issues on uplink narrowband DM-RS.
2 Single-tone DMRS
In the NB-IoT Ad-hoc meeting #2, DM-RS pattern for single tone NB-PUSCH has agreed as follow: 

· Alt. 1: Element-wise product of a Hadamard sequence and a PN(or Gold)-sequence
· Alt. 2: Element-wise product of a cyclic code and a PN(or Gold)-sequence. 
Alt. 1 can serve orthogonal property in synchronous case. Meanwhile, Alt.2 can serve more sequences than Alt. 1. There is a trade-off between two alternatives. Therefore, suitable number of DM-RS sequence for single tone NB-IoT should be predetermined.
To complete the discussion of single tone DM-RS design PN(or Gold)-sequence design should be determined. DM-RS sequence should provide low cross correlation property to minimize the impact of inter cell interference. However cross correlation value can be affected by selection of Gold sequence. Table 1 shows the minimum and maximum of the maximum cross correlation value for Alt. 1 with different Gold sequences. To minimize the cross correlation impact on DM-RS, we propose to use Gold-sequence based sequence of (1, -1, 1, 1, 1, -1, -1, 1, -1, 1, -1, -1, 1, 1, -1, -1) if Alt. 1 is adopted.
Table 1. Cross correlation value for Alt.1
	
	min
	max

	Cross correlation value
	0.5202
	0.9375


Likewise, we can determine the Gold sequence for Alt. 2 which can  minimize the cross correlation impact on DM-RS. Based on the analysis, we propose to use Gold sequence of (1, -1, 1, 1, -1, -1, 1, -1, -1, 1, 1, -1, -1, 1, -1, 1) if Alt. 2 is adopted.
Proposal 1: Use Gold sequence (1, -1, 1, 1, 1, -1, -1, 1, -1, 1, -1, -1, 1, 1, -1, -1) if Alt. 1 is adopted and use Gold sequence (1, -1, 1, 1, -1, -1, 1, -1, -1, 1, 1, -1, -1, 1, -1, 1)  if Alt. 2 is adopted.
3 Multi-tone DM-RS
For multi-tone transmission, it is agreed to use 3 or 6 tone transmission. As discussed in the NB-IoT Ad-hoc meeting #2, DM-RS sequence can be based on QPSK symbols in the frequency domain. To design base sequence with QPSK symbols, the computer generated sequence (CGS) can be used. QPSK based CGS is given by
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where, 
[image: image2]is the number of subcarriers to which the sequence is mapped, which is 3 for 3 tone transmission and 6 for 6 tone transmission. The values of 
[image: image3]represents the QPSK symbol value which can be found by CGS. Likewise the LTE, DM-RS for multi-tone transmission of NB-IoT should have several desirable characteristics.

· Good auto-correlation and low cross-correlation properties

· Low PAPR/CM in the time domain

There are 43 = 64 possible base sequences in 3 tone transmission, and 46 =4096 possible base sequences in 6 tone transmission. However, some of the sequences have high PAPR and/or cross correlation properties. There are only few possible combinations for desired characteristics. We can select some candidate QPSK sequences for each case which has low PAPR/CM values. 
Among the selected sequences based on PAPR/CM values, we can construct tables for DM-RS sequences in terms of correlation properties. It is also noted that there is a trade-off between the number of DM-RS sequences and the cross-correlation property. To obtain lower cross-correlation property, the less number of DM-RS sequences are needed.
In terms of CM value, with potentially different target maximum CM, the number of possible candidates of DM-RS sequence would be different. In Table 2, we summarize the possible number of DM-RS sequences with CM constraint and its cross correlation values for 3 tone DM-RS transmission.
Table 2. Simulation results of cross correlation property for 3 tone DM-RS
	Constraint of maximum CM value
	0.75
	2.5
	Unlimited

	Possible number of sequence
	2
	4
	4
	8
	4
	8

	Maximum cross correlation
	0.499
	0.772
	0.738
	0.853
	0.698
	0.792


Based on the simulation results and desired DM-RS properties, the set of DM-RS sequences can be configured. Table 3 shows the example of DM-RS sequence table for 3 tone transmission based on CM, PAPR, and cross correlation property. There are 8 available DM-RS sequences, whose maximum CM, PAPR and cross correlation values are 2.45, 4.59, and 0.853 respectively. Sequences of index 0~3 are low CM sequences, while the sequences of index 4~7 are high CM sequences.
Table 3. DM-RS sequences for 3 tone transmission
	u
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	0
	1
	1
	-3

	1
	1
	-3
	-3

	2
	1
	3
	1

	3
	1
	-1
	1

	4
	1
	1
	3

	5
	1
	3
	3

	6
	1
	-1
	-1

	7
	1
	1
	-1


For 6 tone transmission, similar to the previous 3 tone case, we should consider desired characteristics of DM-RS sequence. Based on the characteristics of CM, PAPR, and cross correlation impact, two examples of sets of DM-RS sequences can be found in Table 4, and Table 5. In Table 4, there are 8 DM-RS sequences whose maximum CM, PAPR, and cross correlation values are 1.71, 5.72, and 0.58 respectively. In Table 5, there are 16 DM-RS sequences whose maximum CM, PAPR, and cross correlation values are 1.71, 7.57, and 0.69 respectively. Note that there is a trade-off between the number of base sequences and the cross correlation values. 
Table 4. Phase of DM-RS sequence for 6 tone transmission (8 base sequences)
	u
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	0
	1
	3
	-3
	-3
	-3
	3

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

	2
	1
	1
	1
	3
	-3
	1

	3
	-3
	-3
	3
	-3
	3
	-1

	4
	1
	3
	1
	1
	-3
	3

	5
	-1
	-1
	-3
	3
	3
	-3

	6
	-1
	-3
	1
	3
	3
	1

	7
	3
	-3
	-3
	3
	1
	3


Table 5. Phase of DM-RS sequence for 6 tone transmission (16 base sequences)
	u
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	0
	-3
	1
	1
	3
	1
	1

	1
	1
	3
	-3
	3
	1
	3

	2
	1
	-1
	3
	-3
	-3
	-3

	3
	3
	-3
	3
	-1
	-1
	-3

	4
	-3
	-3
	3
	-1
	-1
	1

	5
	1
	1
	1
	1
	-3
	1

	6
	-3
	3
	-3
	-3
	-3
	1

	7
	-3
	3
	-3
	3
	-1
	-1

	8
	-3
	1
	-3
	-3
	3
	3

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

	10
	3
	-1
	-3
	-3
	-1
	1

	11
	3
	3
	-1
	-3
	-1
	3

	12
	1
	3
	-3
	3
	3
	1

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

	14
	3
	3
	1
	3
	-1
	-3

	15
	1
	1
	3
	-3
	3
	1


Note that the sequences are obtained via greedy algorithms, which can be further enhanced if brute-force searches are exploited. Overall, the possible number of base sequences in each case (i.e., 3 or 6 tone transmission) is rather limited with reasonable cross correlation properties. Therefore, we could consider applying additional schemes to randomize the interference from other cell DM-RS transmission over time. For example, DM-RS sequences in a resource unit may be scrambled with additional orthogonal cover code (OCC). 
Proposal 2: Maximum 8 base DM-RS sequences are used for 3 tone transmissions. New sequences are generated for 3 tone DM-RS. 
Proposal 3: Maximum 16 base DM-RS sequences are used for 6 tone transmissions.
Proposal 4: Consider additional OCC over multiple DM-RS symbols for 3 and 6 tone DM-RS transmissions.  

4 Conclusion
This contribution discusses a few aspects related to uplink narrowband DM-RS for NB-IoT. The following capture our proposals.
Proposal 1: Use Gold sequence (1, -1, 1, 1, 1, -1, -1, 1, -1, 1, -1, -1, 1, 1, -1, -1) if Alt. 1 is adopted or use Gold sequence (1, -1, 1, 1, -1, -1, 1, -1, -1, 1, 1, -1, -1, 1, -1, 1)  if Alt. 2 is adopted.
Proposal 2: Maximum 8 base DM-RS sequences are used for 3 tone transmissions. New sequences are generated for 3 tone DM-RS. 

Proposal 3: Maximum 16 base DM-RS sequences are used for 6 tone transmissions.

Proposal 4: Consider additional OCC over multiple DM-RS symbols for 3 and 6 tone DM-RS transmissions.
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