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1. [bookmark: _Ref409106980]Introduction
In RAN1#2AH, it is already agreed that for NB-IoT UL shared channel:
Agreements: 
· One OFDM symbol in each NB-slot is assumed for DM-RS transmission for NB-PUSCH with data
· Legacy DM-RS sequence with length 12 is used for 12-tone transmission

· 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

· 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
· New DM-RS base sequences with length 6 are introduced at least for 6-tone transmission
· Working assumption: 16 different base sequences are provided
· 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

· DMRS pattern for single tone NB-PUSCH that conveys data transmission:
· For 15 kHz subcarrier spacing, the 4th symbol of every 7 symbols (i.e. same as LTE).
· For 3.75 kHz subcarrier spacing, the 5th symbol of every 7 symbols in 2ms NB-slot


In this contribution, we provide our view on the DM-RS design for UL physical data channel for NB-IoT, for single tone and multi-tone assignments.  
1. [bookmark: _Ref426290311]Reference signal design for N-PUSCH 
1. Reference signal for single-tone allocation
As mentioned in the Introduction, it was agreed in RAN1#2AH that for single-tone allocation, which needs 8 subframes (16 slots), a systematic design without using a computer search is used for DMRS pattern. Two alternatives were proposed for the DMRS pattern of the single tone transmission, namely either a Hadamard based sequence or a codeword from a linear cyclic code. The final decision is based on the ratio of the required number of sequences to the sequence length.
Both Hadamard sequences and cyclic codes are examples of binary code-blocks with good minimum Hamming distance. A Hadamard sequence is indeed derived from Reed-Muller code RM(1,m) for which the minimum distance is 2m-1, and the code-words are of length n=2m. The code-words of a RM(1,m) code with disabled all 1 basis vector will result an n by n Hadamard matrix, where n= 2m. For such a Hadamard matrix, the rows (also columns) are orthogonal to each other. So if the maximum number of reference signal sequences is no more than the sequence length, we can use the corresponding Hadamard matrix for reference signal design. For instance, for 16 sequences each of length 16, a H16 can be used, as shown in Table 1.
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Table 1. Systematic sequence design based on RM(1,4) for single-tone transmission: 16 orthogonal sequences of length 16.          
  
On the other hand, if more than 16 sequences are needed, the linear cyclic code is used. For 30 reference signal sequences, each of length 16, we can use (16, 6) linear cyclic code, with the generator polynomial 1+D2+D8+D10, and select 30 code words, as shown in Table 2. Note that the cross-correlation between any two pairs in Table 2 is either 0 or 0.5.
To better randomize the interference between different cells, the more number of sequences is preferred. We propose to maintain the same number of sequences as the legacy LTE, which is 30, for the single-tone DMRS pattern.  
One remaining aspect in DMRS design for the single tone transmission is the choice between PN based and Gold-sequence based binary random sequence. As mentioned in the Introduction, to randomize the interference, in RAN1#2AH it was agreed to perform a random scrambling, based on a common (not cell-id dependent) Gold sequence or PN sequence. We propose to adopt the legacy LTE Gold sequence in section 7.2 of TS 36.211, initialized with a fixed value, e.g. 1, at the start of each transmission. 
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Table 2. Systematic sequence design based on (16, 6) cyclic code: 30 sequences of length 16.    

Proposal 1: For single-tone transmission, we propose 
· Use 30 sequences from the linear cyclic code given by Table 2.  
· Adopt the LTE Gold sequence in section 7.2 of TS 36.211 for random scrambling
· Initialized at the start of transmission with a fixed value, e.g, 1

1. Reference signal for multi-tone allocation
For multi-tone transmission, it is agreed to consider 3 or 6 tone transmission, where DM-RS is mapped to the same number of tones in the same subcarriers as data. It is also agreed that for both 3 and 6 tone transmission, DM-RS base sequence is based on QPSK symbols in the frequency domain. For both scenarios, we propose to use a CGS approach to obtain the sequences.

The CGS for base sequence of length 3 or 6 is given by: 



where the value of  is given by Table 3 (for sequence length 3) or Table 4 (for sequence length 6).
For 3 tone transmission and QPSK, maximum 16 sequences can be generated. Table 3 shows 8 sequences with better PAPR and cross-correlation properties. Note that the average and maximum cross-correlation between any two pairs in Table 3, with any possible cyclic shifts, are respectively 0.54 and 0.95, as shown in Fig. 2.
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Table 3. CGS definition of for 3 tone transmission.
For each sequence in Table 3, three cyclic shifts are defined as follows
,
where is the base sequence given by Table 3, , and  is the cyclic shift .

[image: ]
Figure 1. Comparison between data and pilot PAPR for 3 tone transmission with QPSK CGS.
[image: ]
Figure 2. Cross correlation of different sequences in Table 3, including all cyclic shifts.

For 6 tone transmission, the computer generated sequence (CGS) approach will in general follow the similar criteria that were used in today LTE in obtaining the CGS sequences of length 12 and 24. 
Figure 3 shows the comparison between data and pilot PAPR for 6 tone transmission, where both data and pilot are QPSK modulated. For each sequence in Table 4, six cyclic shifts are defined as follows
,
where is the base sequence given by Table 4, , and  is the cyclic shift .
Note that the average and maximum cross-correlation between any two pairs in Table 4, with any possible cyclic shifts, are respectively 0.38 and 0.79, as shown in Fig. 4.
[image: ]
Figure 3. Comparison between data and pilot PAPR for 6 tone transmission with QPSK CGS.

[image: ]
Figure 4. Cross correlation of different sequences in Table 4, including all cyclic shifts.
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Table 4. CGS definition of for 6 tone transmission.

Proposal 2: For multi-tone transmission, we propose 
· CGS with QPSK in frequency domain reference signal, as given by Table 3 and 4 for three and six tone transmission, respectively.
· 3 and 6 cyclic shifts for respectively 3 and 6 tone assignments.         

1. Selection of reference signal sequence



For the selection of reference signal sequence for the uplink NB-IoT, we can adopt section 5.5.1.3 of TS 36.211, where the selection of the sequence-group number u everyis defined by a group hopping pattern  and a sequence-shift pattern  according to




where for multi-tone transmissionrepresents the slot number, and for single-tone transmissionrepresents the . Here we note that the module M, represents either 16 or 30 based on the number of sequences. More precisely, for multi-tone transmission we propose M=16 and for single-tone transmission we propose M=30. Similar to the legacy LTE, sequence-group hopping can be enabled or disabled by means of the cell-specific parameter Group-hopping-enabled provided by higher layers. Sequence-group hopping for N-PUSCH can be disabled for a certain UE through the higher-layer parameter Disable-sequence-group-hopping despite being enabled on a cell basis. 

The group-hopping pattern  is given by



where the pseudo-random sequence  is defined by clause 7.2 of TS 36.211, and is initialized similar to legacy LTE. For multi-tone transmission, the group-hopping pattern is reset every radio frame (same as legacy LTE), while for single-tone transmission, the group-hopping pattern is reset every 80 subframes.



For NB-PUSCH, similar to legacy PUSCH, the sequence-shift pattern  is given by, where  is configured by higher layers, and M=16 and for multi-tone transmission and M=30 for single-tone transmission. Also we note that the sequence hopping which may be applied in legacy LTE on top of group hopping for the case of number of tones more than 36, is not supported for uplink NB-IoT. 

Proposal 3: We propose to adopt the legacy LTE procedure for sequence selection and group-hopping for u with disabling sequence hopping. 
· For multi-tone transmission, hopping may happen every slot, similar to legacy LTE
· The group-hopping pattern is reset every radio frame (same as legacy LTE)
· For single-tone transmission, hopping may happen every 8 subframes   
· The group-hopping pattern is reset every 80 subframse


1. Conclusions
In this paper, we described our design of DM-RS signal for narrowband uplink shared channel, N-PUSCH.

Proposal 1: For single-tone transmission, we propose 
· Use 30 sequences from the linear cyclic code given by Table 2.  
· Adopt the LTE Gold sequence in section 7.2 of TS 36.211 for random scrambling
· Initialized at the start of transmission with a fixed value, e.g, 1

Proposal 2: For multi-tone transmission, we propose 
· CGS with QPSK in frequency domain reference signal, as given by Table 3 and 4 for three and six tone transmission, respectively.
· 3 and 6 cyclic shifts for respectively 3 and 6 tone assignments.         

Proposal 3: We propose to adopt the legacy LTE procedure for sequence selection and group-hopping for u with disabling sequence hopping. 
· For multi-tone transmission, hopping may happen every slot, similar to legacy LTE
· The group-hopping pattern is reset every radio frame (same as legacy LTE)
· For single-tone transmission, hopping may happen every 8 subframes   
· The group-hopping pattern is reset every 80 subframse
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