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At GERAN#62, a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1]. At GERAN#67, the FS_IoT_LC study item was completed and the TR 45.820 v2.1.0 [4] approved. Among the candidates included in the TR was the NB-LTE candidate solution.
At RAN#70, the narrow band IoT (NB-IoT) work item was revised and approved. Three different operation modes, i.e., standalone, guard-band, and in-band, are supported. Moreover, a unified downlink design with 15 kHz sub-carrier spacing for all three operation modes is defined. For the UL, both single tone and multi-tone operations can be supported.
To be more specific,the following items have been agreed [5].
•	180 kHz UE RF bandwidth for both downlink and uplink
•	OFDMA on the downlink
· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 
•	For the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.
· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs
The UL Demodulation Reference Symbol (DMRS) is needed for the receiver at the eNB to perform coherence demodulation. 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 about how to design the UL DMRS for NB-IoT systems. 
[bookmark: _Ref440211877]General principles
Two UL subcarrier spacing numerologies, i.e., 3.75 kHz and 15 kHz, are supported by NB-IoT systems, and only 15 kHz UL subcarrier spacing is used for multi-tone transmissions. It is proposed in [2] that for multi-tone NB-PUSCH with 15 kHz subcarrier spacing, it follows the subframe structure of LTE PUSCH. If a transmission uses all 12 subcarriers, it is straightforward to re-use the LTE UL DMRS design. 
Proposal 1: If an NB-IoT device is allocated with 12-subcarriers for its UL transmission, the LTE UL DMRS should be re-used. 
For the LTE UL DMRS, when 1 or 2 PRBs are allocated to an UE, the UL DMRSs are Computer Generated (CG). The desired criteria for LTE UL DMRS are summarized in [3]. These criteria, e.g., low CM, cross-correlations properties, complexity issues, should also be considered in the design of NB-IoT UL DMRS.
Proposal 2: In the design of NB-IoT UL DMRS, similar design criteria as the LTE UL DMR’s should be considered.  
In order to minimize the impact of inter-cell interference, the generation of LTE UL DMRS is initialized based on the cell ID. This is a straightforward way to ensure the pseudo-randomness for the UL DMRS among neighbouring cells, which should also be considered in the design of NB-IoT UL DMRS.
Proposal 3: The generation of NB-IoT UL DMRS should be initialized based on the cell ID to ensure the pseudo-randomness of UL DMRS among neighbouring cells. 
1 Multi-tone transmissions 
Only 15 kHz sub-carrier spacing is used for multi-tone transmissions. In [2], it is proposed that for multi-tone transmissions, the number of subcarriers allocated to a UE includes the following values {2, 4, 8, 12} to enable multiplexing several NB-IoT devices at the same time. As discussed in Section 2, in the current LTE system the UL DMRS is only defined for the 12-subcarrier case. Therefore, new UL DMRS need to be designed for the other cases. However, since the slot format is the same for NB-IoT in the multi-tone transmissions as it is in LTE, unless otherwise motivated, the same UL DMRS positions should be used in NB-IoT as they are in LTE. 
Proposal 4: Unless otherwise motivated, for multi-tone transmissions, the same UL DMRS positions should be used in NB-IoT as they are in LTE.
Single-tone transmissions
Two numerologies should be configurable by the network for single-tone transmissions, i.e., 3.75 kHz and 15 kHz. For single-tone transmissions, the UL frame structure and the modulation formats are still under discussion, which is coupled with the design of UL DMRS for NB-IoT single-tone transmissions. Nevertheless, there still are design considerations worth to be deliberated. 
In [2], two NB-PUSCH formats are proposed for the 15 kHz subcarrier spacing single-tone transmission. NB-PUSCH 1 has the same slot format as LTE PUSCH, and can be used for both single-tone and multi-tone transmissions. NB-PUSCH format 2 is specially designed for NB-IoT devices that are in extreme coverage conditions. However, in both designs, the overhead due to DMRS is the same as LTE uplink. As the UL resources of NB-IoT systems are very limited, the overhead of the DMRS should be kept similar to LTE, unless significant gains are expected otherwise. 
Proposal 5: For both 3.75 kHz and 15 kHz single-tone transmission, the overhead of UL DMRS shall be the same as it is in LTE, unless significant gains are expected otherwise. 
Conclusions
Base on the discussions above, we have the following proposals. 
Proposal 1: If an NB-IoT device is allocated with 12-subcarriers for its UL transmission, the LTE UL DMRS should be re-used.
Proposal 2: In the design of NB-IoT UL DMRS, similar design criteria as the LTE UL DMR’s should be considered.  
Proposal 3: The generation of NB-IoT UL DMRS should be initialized based on the cell ID to ensure the pseudo-randomness of UL DMRS among neighbouring cells.
Proposal 4: Unless otherwise motivated, for multi-tone transmissions, the same UL DMRS positions should be used in NB-IoT as they are in LTE.
Proposal 5: For both 3.75 kHz and 15 kHz single-tone transmission, the overhead of UL DMRS shall be the same as it is in LTE, unless significant gains are expected otherwise.
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