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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 Ad-hoc and #84 meeting, various agreements related to the NB-PUSCH, uplink frame structure and frequency granularity were made.
One open issue regarding NB-IoT is the uplink DMRS design. As NB-IoT supports both single-tone and multi-tone transmissions, the LTE UL DMRS cannot be directly applied to the NB-IoT UL. Therefore, in this contribution, we outline some design considerations on the UL DMRS for NB-IoT systems for single-tone and multi-tone transmission. 
2 Single tone DMRS transmission
2.1 DMRS design in general
Two numerologies are configurable by the network for single-tone transmission, i.e. 3.75 kHz and 15 kHz. There is a preference to use pi/2-BPSK and pi/4-QPSK constellation for DMRS sequence for pi/2-BPSK modulated data symbols and pi/4-QPSK modulated data symbols respectively in an offline email discussion. Such a design can reduce the phase discontinuity between the DMRS symbol and the neighboring data symbols, which in turn reduces the PAPR/CM.
2.2 DMRS design for single tone PUSCH with 3.75 kHz
For the 3.75 kHz case, 2-ms NB-slot with 7 symbols was agreed. Legacy DMRS density can be reused, that is one DMRS per 7 symbols with normal CP.  However, LTE SRS can be used to measure the uplink channel quality over a certain frequency region. Based on the SRS configuration, legacy UEs may transmit the SRS in the last symbol during some subframes. As shown in Fig. 1, if the NB-IoT uplink DMRS is located as the legacy position, which may be in the 1ms subframe boundary, the DMRS symbol may collide with legacy UEs’ SRS and hence the channel estimation performance may be degraded. Hence, it is worthwhile to consider placing the NB-IoT PUSCH DMRS with 3.75kHz in the 5th symbol of each NB-slot for normal CP.
Proposal 1: DMRS for single tone with3.75kHz should be located in the 5th symbol of each NB-slot for normal CP.
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Figure 1: NB-IoT PUSCH DMRS position for 3.75kHz subcarrier spacing 
2.3 DMRS design for single tone PUSCH with 15 kHz
For single tone PUSCH with 15 kHz subcarrier spacing, the DMRS location can be the same as the legacy LTE PUSCH, i.e., the 4th symbol in normal CP case and the 3rd symbol for extended CP case.

3 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 Fig. 3.
· 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 2: 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 3: UL DMRS positions for 3 different NB-IoT PUSCH resource units 
For each DMRS symbol within the resource unit, there are several methods to generate the uplink DMRS sequence:
· Always use legacy DM-RS sequence with length of 12 for 3-tone, 6-tone and 12-tone transmission (i.e., DM-RS is mapped over the entire 12 subcarriers regardless of the number of tones used for data transmission for multi-tone transmission).

· Introduce new DM-RS sequences with length of 3 and 6 for 3-tone and 6-tone respectively , and use legacy DM-RS sequence with length of 12 for 12-tone transmission.

· Introduce another DM-RS sequence with length of 6 and use the new DM-RS sequence with length of 6 for 3-tone and 6-tone and use legacy DM-RS sequence with length of 12 for 12-tone transmission.

· Always use the single tone DM-RS sequence for 3-tone, 6-tone and 12-tone transmissions as well.
In the current LTE system the UL DMRS is only defined for the 12-subcarrier case. 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. 
Proposal 2: Introduce new DM-RS sequences with length of 3 and 6 for 3-tone and 6-tone respectively, and use legacy DM-RS sequence with length of 12 for 12-tone transmission.
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.  
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 4 illustrates the cubic metric value of all candidate 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 4 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 [5].
Proposal 3: The following length 3 and length 6 DMRS sequences are used for NB-IoT PUSCH with 3-subcarrier and 6-subcarrier allocation respectively. 
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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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


Observing there are only two length 3 DMRS sequences proposed, it is possible to consider apply a time domain orthogonal cover sequence to increase the number of DMRS sequences. For example, if a length 2 OCC is applied among the two adjacent DMRS symbols, four orthogonal DMRS sequences of length 3 are available. This helps reducing the inter-cell interference on DMRS symbols and DMRS sequence planning.

Proposal 4: Consider applying a time domain OCC to length 3 DMRS sequences.

4 Conclusions
In this contribution, further considerations on the DMRS for NB-IoT uplink transmission are provided. The following proposals are given.
Proposal 1: DMRS for single tone with3.75kHz should be located in the 5th symbol of each NB-slot for normal CP.

Proposal 2: Introduce new DM-RS sequences with length of 3 and 6 for 3-tone and 6-tone respectively, and use legacy DM-RS sequence with length of 12 for 12-tone transmission.
Proposal 3: The following length 3 and length 6 DMRS sequences are used for NB-IoT PUSCH with 3-subcarrier and 6-subcarrier allocation respectively. 
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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Proposal 4: Consider applying a time domain OCC to length 3 DMRS sequences.
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