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1. Introduction
In RAN1 #83 meeting, RAN1 agreed the following:
· For NB-IoT UL
· Single-tone transmissions are supported
· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz
· A cyclic prefix is inserted
· Frequency domain Sinc pulse shaping in the physical layer description
· Multi-tone transmissions are supported
· Multi-tone transmissions are based on SC-FDMA
· 15 kHz UL subcarrier spacing
· Additional mechanisms for PAPR reduction FFS
· The UE shall indicate the support of Single-tone and/or Multi-tone
· Details to be discussed by WGs
In this contribution, we discuss on the design considerations on demodulation reference signal for NB-IoT UL. 
2. Design consideration on UL DMRS
For Rel.12 LTE uplink, the minimum length of DMRS sequence is 12, and the symbol index of DMRS is l=3 for normal CP and l=2 for extended CP in a slot.
NB-IoT Uplink DMRS are used for channel state information estimation and uplink channel-dependent scheduling. For NB-IoT Uplink, DMRS and data should be time-multiplexed since the requirements of uplink DMRS are low PAPR and PA efficiency. 
NB-IoT UL transmission is supported by single-tone and multi-tone less than 12 subcarriers. Each SC-FDMA symbol is followed by a cyclic prefix. Then, the length of NB-IoT uplink DMRS is less than 12 in the frequency domain. Therefore, we consider the new design of uplink DMRS or variations of Rel.12 LTE uplink DMRS.
It is assumed that eNB schedules uplink resources for NB-IoT UEs in a NB-IoT subframe, which is defined as L slots. Slot duration (Tslot) should be an integer multiple of 0.5ms for LTE coexistence and can be different depending on uplink subcarrier spacing of NB-IoT. Figure 1 illustrates NB-IoT uplink resource grid. The number of resource elements allocated for NB-IoT uplink transmission is defined as Resource Allocation Unit (RAU), which is given by 
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Figure 1 NB-IoT uplink resource grid

When uplink resources are allocated in K subcarriers during L slots, DMRS sequence is mapped in  resource elements, where . We consider two different types of DMRS patterns for NB-IoT uplink. In the case of non-contiguous DMRS pattern, one DMRS symbol may be located in a slot within L slots (). Figure 2 shows a non-contiguous DMRS pattern for L=12 slots and K=3 subcarriers. In the case of contiguous DMRS pattern, consecutive L DMRS symbols are located in a slot within  slots (). Figure 3 shows a contiguous DMRS pattern for L=7 slots and K=1 subcarrier.
For both cases, the DMRS sequence may be generated by Kronecker product of K-length CAZAC sequence and L-length OCC, which can be obtained from L-point DFT matrix. The K-length CAZAC sequence can be generated by truncating the base sequences specified in 3GPP TS36.211 Table 5.5.1.2-1.
Proposal 1: For allocated K subcarriers and L slots, NB-IoT UL DMRS sequence may be generated by Kronecker product of K-length CAZAC sequence and L-length OCC, which can be obtained from L-point DFT matrix.

In addition, the DMRS sequence may be generated by Kronecker product of K-length OCC and L-length CAZAC sequence. The K-length OCC can be generated by K-point DFT matrix or identity matrix. The L-length CAZAC sequence can be obtained by reusing the base sequences specified in 3GPP TS36.211 section 5.5.1 if L is an integer multiple of 12. 
Proposal 2: For allocated K subcarriers and L slots, NB-IoT UL DMRS sequence may be generated by Kronecker product of K-length OCC and L-length CAZAC sequence.





Figure 2 non-contiguous DMRS pattern for NB-IoT uplink (L=12, K=3)
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Figure 3 Contiguous DMRS pattern for NB-IoT uplink (L=7, K=1)

[bookmark: _GoBack]NB-IoT UL DMRS should meet the requirement of low CM in the time domain, good auto-correlation property for accurate channel estimation, and good cross-correlation property for interference reduction by neighboring cells. Therefore, we need to evaluate cross-correlation properties for NB-IoT UL DMRS sequence. Furthermore, NB-IoT UL DMRS sequence should meet the requirement of low CM performance in the case of multi-tone transmission. 
Proposal 3: At least cross-correlation properties should be evaluated for NB-IoT UL DMRS sequence.

3. Conclusions

Proposal 1: For allocated K subcarriers and L slots, NB-IoT UL DMRS sequence may be generated by Kronecker product of K-length CAZAC sequence and L-length OCC, which can be obtained from L-point DFT matrix.
Proposal 2: For allocated K subcarriers and L slots, NB-IoT UL DMRS sequence may be generated by Kronecker product of K-length OCC and L-length CAZAC sequence.
Proposal 3: At least cross-correlation properties should be evaluated for NB-IoT UL DMRS sequence.
4. References

[1] RAN1 #83 Chairman’s notes.
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