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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 [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. NB-IoT should support three different modes of operation, i.e., standalone operation, guard-band operation, and in-band operation. For the uplink, two numerologies are considered, 3.75 kHz and 15 kHz. In this paper, the uplink demodulation reference signals (DMRS) design is discussed. 
2. Discussions
For 15 kHz subcarrier spacing case, the same subframe/slot structure of LTE can be re-used for NB-IoT. For 3.75 kHz subcarrier spacing, a scaled subframe/slot structure can be obtained, as shown in Fig. 1. If the same pattern of data/DMRS symbol arrangement in a slot or subframe in LTE is considered, the straightforward structure is shown in Fig. 2. Note that the subframe/slot duration here does not imply anything about the frame structure.
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Fig. 1: Scaled subframe/slot structure for 3.75 kHz subcarrier spacing
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Fig. 2: Data/DMRS symbol arrangement in the scaled slot/subframe for 3.75 kHz subcarrier spacing

From Fig. 2, it is observed that the DMRS symbol spans two legacy 1ms subframes, which may cause some problems for NB-IoT in-band deployment scenarios due to the following reasons:

· Potential collision with LTE UE SRS transmission
· Symbol segmentation in LTE TDD mode 
In LTE, the SRS can be used to measure the uplink channel quality over a section of channel bandwidth. Based on the SRS configuration, the UEs may transmit the SRS in the last symbol during some subframes over a section of channel bandwidth. As shown in Fig. 3, the SRS may collide with one symbol in the NB-IoT downlink. If the NB-IoT uplink DMRS is located in the 1ms subframe boundary, the DMRS symbol may collide with SRS and hence the channel estimation performance may be degraded.
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Fig. 3: Potential collision between LTE UL SRS and NB-IoT symbols 
Regarding TDD support for NB-IoT, the following agreements were achieved at RAN1#83. 

	Agreement:

· Decide between two options within this week:

· Alt 1. Support TDD in Rel-13 for NB-IoT

· Alt 2. Not to support TDD in Rel-13 for NB-IoT, but Rel-13 supports necessary forward compatibility to support TDD

· Note: such support may or may not require physical layer change(s)

Conclusion: 

- NB-IoT in Rel-13 supports at least the necessary forward compatibility to support TDD

- FFS which TDD configurations are to be prioritized; companies are encouraged to check further until the next meeting. 


In LTE TDD mode, the consecutive 2 or 4 legacy uplink subframes are not always available. Due to the discontinuity of the legacy subframes, the symbols may be segmented into discontinuous subframes, if the last symbol boundary is not perfectly aligned with the legacy subframe boundary. As shown in TDD configuration 0 case in Fig. 4, one NB-IoT symbol is segmented. If it is a DMRS symbol, it cannot be utilized for channel estimation.
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Fig. 4: Potential symbol segmentation in TDD mode (Configuration 0 case)
Proposal 1: For uplink 3.75 kHz subcarrier spacing option, the DMRS symbol should not span two legacy 1ms subframes.  
3. Conclusions
This contribution discuss the potential issues of DMRS placement in the uplink 3.75kHz subcarrier spacing case. The proposal is as follows:
Proposal 1: For uplink 3.75 kHz subcarrier spacing option, the DMRS symbol should not span two legacy 1ms subframes.
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