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1 Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. At RAN1#84 [3], the following agreements were achieved regarding the NB-IoT uplink frame structure. In this paper, the uplink demodulation reference signals (DM-RS) design for single-tone transmission is discussed.
	Agreement:

· For 3.75kHz subcarrier spacing of uplink with normal CP, 

· One NB-IoT symbol consists of 528Ts of symbol with CP length of 16Ts assuming Ts=1/1.92MHz. 

· Besides the seven symbols located from the beginning of 2ms period, the remaining time (144Ts) is used as a guard period to minimize the collision between NB-IoT symbols and LTE SRS


2 Discussion 
2.1 Single-Tone Transmission
For 15kHz subcarrier spacing, the legacy slot/subframe structure is used with the same data/DM-RS symbol. For 3.75 kHz subcarrier spacing, the structure of a 2ms NB-slot is shown in Fig. 1. A gap period in the end of a NB-slot is used to avoid collision with SRS transmissions. Based on the SRS configuration, the LTE UEs may transmit the SRS in the last symbol during some subframes over a section of channel bandwidth. As shown in Fig. 2, there is still possibility that SRS may collide with one symbol in the NB-IoT uplink. If the NB-IoT uplink DM-RS is located in the 1ms subframe boundary, the DM-RS symbol may collide with SRS and hence the channel estimation performance may be degraded. Therefore, a straightforward approach is to shift the DM-RS symbol to the adjacent symbol. For example, the 3rd OFDM symbol can be used as a DM-RS symbol. Based on the previous performance evaluation results, it is observed that there is no need to increase the DM-RS density. 

[image: image1.emf]2ms

NB-Slot

Symbol 6 Symbol 5 Symbol 4 Symbol 3 Symbol 2 Symbol 1 Symbol 0

8.3us 266.7 us

GP

8.3us 75us


Fig. 1: NB-Slot structure for 3.75 kHz subcarrier spacing 
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Fig. 2: Data/DM-RS symbol arrangement in a NB-slot (3.75 kHz subcarrier spacing)
Proposal 1: For uplink 3.75 kHz subcarrier spacing option, the DM-RS symbol should not span two legacy 1ms subframes.  The DM-RS symbol is located in the 3rd OFDM symbol during a NB-slot.

For single-tone transmissions with rotated modulation, it is straightforward to apply the phase rotation for the DM-RS symbols, as well as any symbol if punctured (e.g., due to SRS avoidance).
Proposal 2: For NB-PUSCH with π/2-BPSK and π/4-QPSK, the same phase rotation method is used for DM-RS symbol(s) and data symbols, as well as the punctured symbols. The symbols during the allocated resource units are continuously accounted of phase rotation. 
For TPSK, scattered DM-RS pattern can be considered due to the capability of single-tone transmission UEs. 
For (2,4)-TPSK, we can use the scattered DM-RS as shown in Fig. 2-1.
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Fig. 3: Scattered DM-RS for (2,4)-TPSK

For (4,4)-TPSK, we can use the scattered DM-RS as shown in Fig. 4.
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Fig. 4: Scattered DM-RS for (4,4)-TPSK

Proposal 3: For NB-PUSCH with TPSK, consider scattered DM-RS pattern.
2.2 Multi-Tone Transmission
For multi-tone transmissions, it was agreed to support 3-tone, 6-tone and 12-tone transmissions. Given the number of allocated tones and tone locations, it is possible to use the corresponding section of the legacy DM-RS sequence with length of 12 for NB-PUSCH multi-tone transmission. That means, the DM-RS is mapped over the entire 12 subcarriers regardless of the number of tones used for data transmission for multi-tone transmission.
Proposal 4: Re-use the legacy DM-RS sequence with length of 12 for NB-PUSCH multi-tone transmission.
3 Conclusions
This contribution discussed the remaining details of DM-RS design. The proposals are as follows:
Proposal 1: For uplink 3.75 kHz subcarrier spacing option, the DMRS symbol should not span two legacy 1ms subframes.  The DMRS symbol is located in the 3rd OFDM symbol during a NB-slot.

Proposal 2: For NB-PUSCH with π/2-BPSK and π/4-QPSK, the same phase rotation method is used for DM-RS symbol(s) and data symbols, as well as the punctured symbols. The symbols during the allocated resource units are continuously accounted of phase rotation.
Proposal 3: For NB-PUSCH with TPSK, consider scattered DM-RS pattern.

Proposal 4: Re-use the legacy DM-RS sequence with length of 12 for NB-PUSCH multi-tone transmission.
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