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1 Introduction
In RAN#70 meeting, a new work item ‘Narrow Band Internet of Things, NB-IOT’ is approved [1]. Three deployment scenarios are supported: in-band operation, guard band operation and standalone operation. In RAN1 NB-IOT 2nd Ad-hoc meeting, various agreements related to PUSCH transmission and uplink DMRS design for single tone and multiple tone were made as follow.
Agreements:
· For NB-PDSCH and NB-PUSCH,
· The repetition pattern within the allocated resources is realized by using Cyclic repetition
· In each cycle, each subframe/NB-slot in the allocated resources is repeated consecutively for Z times

· Z = Min(4, repetition) for multi-tone transmission
· Z = 1 for single-tone transmission
· Different scrambling is used in each cycle

· NOTE: RV cycling is feasible under this repetition

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
· 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
Based on the above agreement, one open issue regarding NB-IoT is the uplink DMRS design for the 3-tone and 6-tone case. Following the current LTE UL DMRS design, design criteria such as low CM and good cross correlation properties should be considered in the design of NB-IoT UL DMRS for 3-tone and 6-tone.
2 Multi-tone DMRS transmission
For multi-tone transmissions, SC-FDMA with 15 kHz UL subcarrier spacing is supported. The following three numerologies and resource units are agreed, as shown in Figure. 1.
· 12 subcarriers with 1 msec resource unit size

· 6 subcarriers with 2 msec resource unit size

· 3 subcarriers with 4 msec resource unit size
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Figure 1: Three numerologies and resource units for NB-IoT PUSCH
Since the slot format is the same for NB-IoT in the multi-tone transmissions as it is in LTE, unless otherwise motivated, the legacy LTE UL DMRS positions should be used for NB-IoT multi-tone transmission. For NB-IoT uplink multi-tone transmission, the number of DMRS symbols within a resource unit is 2, 4 and 8 separately.
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Figure 2: UL DMRS positions for 3 different NB-IoT PUSCH resource units 
In the current LTE system the UL DMRS is only defined for the 12-subcarrier case. It is agreed that the LTE UL DMRS should be re-used for the 12-subcarrier with 1 ms resource unit size (Structure A). For the 3-subcarrier and 6-subcarrier case (Structure B and C), it is preferable to design new UL DMRS of length 3 and 6 separately. 
Proposal 1: Introduce new DM-RS sequences with length of 3 and 6 for 3-tone and 6-tone respectively
For NB-IoT uplink DMRS transmission, it is desirable to use QPSK-based sequences to avoid storing irregular values in the UE buffer. Further, the new DMRS should also preserve the low cubic metric property, and should have low cross-correlations. In NB-IoT, spatial multiplexing for different UE is not targeted for. Therefore, the new DMRS sequences do not need to be CAZAC sequences, i.e. cyclic shift is a must for NB-IoT UL DMRS.  
For 3-tone and 6-tone DMRS design, following the legacy UL DMRS formulation, the reference signal sequence 
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For 3-tone transmission, assuming QPSK symbols are used, the total number of possible length-3 sequences is 4^3 = 64 and possible length-6 sequence is 4^6 = 4096. Among the possible candidates of 3-tone and 6-tone QPSK sequences, the cubic metric information should be firstly considered, which is aligned with the design target of NB-IoT with power usage efficiency. Figure 3 illustrates the cubic metric value of all candidate QPSK sequences. The selected sequence should have small cubic metric value (e.g. cubic metric value of selected sequence should be smaller than 1.22dB which is the QPSK cubic metric value using CM slope of 1.56) to reduce the device power.
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Figure 3 Cubic metric values for length of 3 and 6 total candidates
The proposed sequences for 3-tone and 6-tone are listed in TABLE 1 and 2. The CM value of proposed length 3 sequence is 0.375dB, and the CM value of the proposed length 6 sequence is around 1dB, both of which are smaller than that of QPSK (1.22dB). The cross-correlation values between 3-tone, 6-tone, legacy 1PRB and 2 PRB sequences are also listed in TABLE 3. 
For the length 3 sequences, there are a total of 16 sequences with CM value of 0.375dB. However, some of the sequences have a cross-correlation of 1 or 0.7, which is not desirable from inter-cell interference point of view. Hence, a subset of the 16 length 3 sequences is proposed in Table 1, with a cross-correlation value of 0. It is noted that only two such length 3sequences exist. Similarly, a subset of the length 6 sequences having CM value around 1 dB is proposed in Table 2, with cross-correlation values small than 0.5. The cross-correlation calculation follows the reference [2]. 
TABLE 1: Phase for DMRS sequence with length 3
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TABLE 2: Phase for DMRS sequence with length 6
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	3
	3
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	-3
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	-3

	4
	-1
	1
	-1
	3
	3
	-1

	5
	3
	-1
	1
	1
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	-1

	6
	3
	-1
	1
	-3
	-3
	-3

	7
	-3
	-3
	1
	-1
	3
	-3

	8
	-1
	1
	1
	1
	-3
	1

	9
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	1
	1
	3

	10
	-3
	-3
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Table 3: Cross-correlations between 3-tone / 6-tone / 1PRB / 2PRB

	Cross-correlation value
	Mean
	Maximal

	3-tone
	0.0
	0.0

	6-tone
	0.36
	0.44

	3-tone vs 6-tone
	0.36
	0.63

	3-tone vs 1PRB
	0.28
	0.52

	3-tone vs 2PRB
	0.18
	0.36

	6-tone vs 1PRB
	0.28
	0.62

	6-tone vs 2PRB
	0.18
	0.43


Table 4 provides a comparison with the sequence proposed in [3][4]. CM metric value and cross-correlation value among selected 3-tone sequence and among 6-tone sequence are listed separately. It is observed that both the CM metric and cross-correlation property of the DMRS sequence in Tables 1 and 2 are better than those in [3][4].
Table 4: Comparison of CM value and Cross-correlation
	CM and Xcorr Comparison
	3tone
	6tone

	
	CM[dB]
	Xcorr
	CM[dB]
	Xcorr

	Lenovo
	maximal
	0.37 
	0.00
	1.19
	0.44

	
	mean
	0.37
	0.00
	1.04
	0.36

	
	median
	0.37
	0.00
	1.02
	0.44 

	
	minimal
	0.37
	0.00
	0.93
	0.20

	Nokia(1)
	maximal
	3.05 
	1.00
	3.40 
	0.72

	
	mean
	1.82 
	0.57
	1.60
	0.40

	
	median
	2.08
	0.70
	1.16
	0.44

	
	minimal
	0.37 
	0.00
	0.96 
	0.20 

	Nokia(2)
	maximal
	3.05 
	1.00
	2.00
	0.72

	
	mean
	1.89
	0.63
	1.45
	0.41

	
	median
	2.08
	0.70
	1.16
	0.44

	
	minimal
	0.37
	0.00
	0.96
	0.20

	Qualcomm
	maximal
	2.08
	1.00
	2.55 
	0.82 

	
	mean
	1.44
	0.55
	2.00
	0.43

	
	median
	2.08
	0.70
	2.13
	0.44

	
	minimal
	0.37
	0.00
	1.16
	0.20


Consider the cell planning effort and inter-cell interference management for DMRS, it is preferable to provide a sufficient number of DMRS sequences. Time domain orthogonal cover sequence can be applied on top of the proposed length 3 and 6 sequences to increase the number of DMRS sequences. It is noted that time domain orthogonal sequence is agreed for single tone DMRS design. A maximum of 16 orthogonal DMRS sequences can be designed, given the 16 DMRS symbols in a resource unit of 8ms for the single tone transmission It is therefore desirable that there are 16 UL DMRS sequences available for the 3-tone and 6-tone transmission as well. 
For 3-tone DMRS design, a time domain orthogonal cover sequence with length of 8  can be applied to the  eight DMRS symbols within one resource unit as described in Figure 3. In combination with the two proposed length 3 sequence in Table 1, a total of 16 orthogonal UL DMRS sequences us available. 
For 6-tone DMRS design, a time domain orthogonal cover sequence with length of 4 can be applied to the four adjacent DMRS symbols within one resource unit as described in Figure 3. In order to provide a total of 16 UL DMRS for 6-tone transmission, four sequences with low cross-correlation are selected from those in Table 2, as shown in TABLE 5. 
TABLE 5: Phase for DMRS sequence with length 6
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Proposal 2: A time domain OCC of length 4 is applied to UL DMRS of 6-tone transmission, and a time domain OCC of length 8 is applied to UL DMRS of 3-tone transmission.
Proposal 3: The following length 3 and length 6 DMRS sequences are used for NB-IoT PUSCH with 3-tone and 6-tone allocation respectively. 
Phase for DMRS sequence with length 3
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Phase for DMRS sequence with length 6
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3 Conclusions
In this contribution, further considerations on the DMRS for NB-IoT uplink transmission are provided. The following proposals are given.
Proposal 1: Introduce new DM-RS sequences with length of 3 and 6 for 3-tone and 6-tone respectively
Proposal 2: A time domain OCC of length 4 is applied to UL DMRS of 6-tone transmission, and a time domain OCC of length 8 is applied to UL DMRS of 3-tone transmission.
Proposal 3: The following length 3 and length 6 DMRS sequences are used for NB-IoT PUSCH with 3-tone and 6-tone allocation respectively. 
Phase for DMRS sequence with length 3
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Phase for DMRS sequence with length 6
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