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The following agreements were made at RAN1 NB-IoT Ad-hoc#2:
Agreements:
· DM-RS pattern for single tone NB-PUSCH that conveys data transmission:
· Alt.1 Element-wise product of 
· a Hadamard sequence (one row of a Hadamard matrix)
· a PN or Gold-sequence based binary random sequence
· Alt.2 Element-wise product of 
· a codeword from a linear cyclic code 
· a PN or Gold-sequence based binary random sequence
· Gold sequence or PN sequence is common (not cell_id dependent)
· Note: Choice of Alt.1 vs. Alt.2 depends on ratio on required number of sequences to sequence length
· Hadamard sequence or codeword from a linear cyclic code is cell_id dependent
· Preclude CDM within the same cell
· Gold sequence or PN sequence is reset in the first symbol of the transmission
· Length of the sequence for DM-RS is 16
Agreements:
· For 3-tone transmission, DM-RS is mapped to 3-tone in the same subcarriers as data
· For 6-tone transmission, DM-RS is mapped to 6-tone in the same subcarriers as data
· One new DM-RS base sequence with length 6 is introduced at least for 6-tone transmission
· Working assumption: 16 different base sequences are assumed
· DM-RS base sequence is based on QPSK symbols in the frequency domain
· FFS: One new DM-RS base sequence with length 3 is introduced for 3-tone transmission
· FFS: DM-RS base sequence is based on QPSK symbols in the frequency domain
· FFS: 6 cyclic shift values are supported for 6-tone transmission
· FFS: 3 cyclic shift values are supported for 3-tone transmission
This document provides some further details regarding NB-DMRS design.
NB-DMRS sequence
Single tone transmission
For single tone NB-PUSCH that conveys data transmission, it has been agreed that the NB-DMRS sequence is generated by element-wise product of (a PN or a Gold sequence) and (a Hadamard sequence or a codeword from a linear cyclic code).
It is proposed to reuse the length-31 Gold sequence generator as defined in section 7.2 of TS 36.211 in order to minimize the standardization effort. Other PN sequences are only considered if significant benefits can be shown.
For similar reasons, the Hadamard sequences as defined in section 7.1 of TS 25.223 are also proposed to be reused.
Proposal 1: For single tone NB-PUSCH that conveys data transmission, the NB-DMRS sequence is generated by element-wise product of a Hadamard sequence and a Gold sequence.
Multi-tone transmission
[bookmark: _Ref129681832]At RAN1 NB-IoT Ad-hoc#2 it has been agreed that “one new NB-DMRS base sequence with length 6 is introduced at least for 6-tone transmission”. Since a new design will be introduced for NB-DMRS, it is proposed to also agree that “one new (dedicated) NB-DMRS base sequence with length 3 is introduced for 3-tone transmission” (rather than truncating the NB-DMRS sequence for 6-tone transmission) in order to mitigate the inter-cell interference.
Furthermore, similarly to 6-tone transmission, the NB-DMRS base sequence for 3-tone transmission should also be based on QPSK symbols in the frequency domain, which should follow the same design principle of LTE computer generated DMRS sequences.
Proposal 2: One new DM-RS base sequence with length 3 is introduced for 3-tone transmission
· DM-RS base sequence is based on QPSK symbols in the frequency domain
Proposal 3: Confirm the working assumption that for 6-tone transmission, 16 different DM-RS base sequences are assumed.
Proposal 4: For 3-tone transmission, 8 different DM-RS base sequences are assumed.
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This document provides some further details regarding the NB-DMRS for NB-PUSCH.  Based on the discussion, the following are proposed.
Proposal 1: For single tone NB-PUSCH that conveys data transmission, the NB-DMRS sequence is generated by element-wise product of a Hadamard sequence and a Gold sequence.
Proposal 2: One new DM-RS base sequence with length 3 is introduced for 3-tone transmission
· DM-RS base sequence is based on QPSK symbols in the frequency domain
Proposal 3: Confirm the working assumption that for 6-tone transmission, 16 different DM-RS base sequences are assumed.
Proposal 4: For 3-tone transmission, 8 different DM-RS base sequences are assumed.
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