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1 Introduction
In RAN1 March Ad-Hoc for NB-IoT different agreements related to UL DM-RS were made as highlighted in Annex A at the end of this document. In this paper we present some evaluations for the UL RS design.
2 DM-RS design
In LTE the base sequence for DM-RS pattern for [image: image2.png]MES < 3NZE



 is based on computer generated constant amplitude zero autocorrelation (CG-CAZAC) sequence, that have desirable CM and cross correlation properties [2]. The base sequence [image: image4.png]
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is given in Table 5.5.1.2-1 [3]. Combined with time domain cyclic shift related parameters provided by higher layers and DCI format 0 together with cell-specific indexes the LTE DM-RS enables inter-cell interference avoidance and user multiplexing. 
6-tone sequence cross correlations
In this section, we present the results obtained by computer-based search for different 6-tone pilot sequences. The search was done by first identifying set of sequences with low CM and then selecting sequences with best further down choosing based on the cyclic cross-correlation properties of different sequences. Note that only the DM-RS symbol was accounted in CM evaluation. Sequences with undesirable properties were excluded and the resulted candidate sequences for 6-tone case are shown in Table B-1 in Annex B and for 3-tone case in Table C-1 in Annex C. For the selected sequences cross correlation and CM results are shown below.
Table 1 summaries the 6-tone sequences (as per Table B-1) mean, median and maximum cross correlation values. Figure 1 shows CM (a) and PAPR (b) for the same 3-tone sequences. Furthermore, the CM for cyclic shifts was evaluated and up to 0.8dB increase in CM was seen.
Table 1. Cross correlation metrics between 6-tone sequences

	6-tones
	Mean 
	Median
	Maximum

	 
	0.36
	0.33
	0.91
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Figure 1. Cubic metric and 99% PAPR results for the 6-tone sequences listed in Table B-1.

3-tone sequence cross correlations

Similarly as for 6-tone sequences, same results are shown for 3-tone sequences (listed in Annex C in Table C-1). Table 2 summaries the cross correlation mean, median and maximum values. As for 6-tone case, also the CM for the cyclic shifts was evaluated and up to 1.5dB increase was observed.
Table 2. Cross-correlation metrics between 3-tone sequences

	3-tones
	Mean 
	Median
	Maximum

	 
	0.53
	0.47
	0.93
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Figure 2. Cubic metric and 99% PAPR results for the 3-tone sequences listed in Table C-1.

As an alternative, 3-tone sequence based on partial 6-length sequences (e.g. using 3-tones of 6) were also evaluated.  At least the 6-tone sequences provided in the Annex B were not well suited for this, and it did not seem likely to find such set of sequences while maintaining all good properties (without any cover codes). Defining 3-tone sequences and concatenating these to create 6-length sequences, would not appear too attractive, as finding sequences with good properties is easier if full length is in use.  Note that in case of 3-tone sequence it was assumed that the 3-lenght sequence was selected from the 6-tone sequence so that the selected part matched to the allocation in frequency domain e.g. first 3 samples (of the 6) were used as pilots when the frequency allocation was starting from 1st  or 6th tone. 

Partial cross correlations between 3-, 6- and 12-tone sequences
Also the (cyclic) cross correlations between different sequence lengths were evaluated e.g. cross correlation between 3-tone, 6-tone and 12-tone sequences. This was done in a piece wise manner so that the cross correlation of the shorter sequence against (matching) portion the longer sequence was calculated accounting the valid frequency allocations. In case of 12-tone, the base sequence [image: image11.png]
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 given in Table 5.5.1.2-1 [3] was considered. 
Table 3. Cross-correlation between 3-tone sequence and 6- or 12- tone sequence
	3-tones
	Mean 
	Median
	Maximum

	 vs. 6-tones
	0.52
	0.47
	1.00

	vs. 12-tones 
	0.52
	0.47
	1.00


Table 4. Cross-correlation between 6-tone sequence and 12- tone sequence

	6-tones
	Mean 
	Median
	Maximum

	 vs. 12-tones
	0.36
	0.34
	1.00


3 Conclusions

In this contribution, results evaluating possible sequence candidate set for 3- and 6-tone DM-RS patterns are provided.
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Annex  A UL DM-RS related agreements
In RAN1 AdHoc#2 for NB-IoT held in March following agreements related to the UL DM-RS design were made:

	· 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

· Sequence generation

· 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

· Phase rotation

· For single-tone modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the unrotated constellation point (as defined in Table 7.1.2-1 of TS 36.211 for QPSK and Table 7.1.1-1 for BPSK) by exp(j*m*π/2) for π/2-BPSK case and exp(j*m*π/4) for π/4-QPSK respectively

· Where m = ( symbol index mod 2 )

· symbol index counts from 0

· Note: The waveform generation should ensure that the phase transitions at symbol boundaries (i.e. between the end of one symbol and the start of the CP of the next symbol) match those defined by the used modulation scheme, i.e., ±π/2 for π/2-BPSK, and ±π/4 or ±3π/4 for π/4-QPSK

· DM-RS for multi-tone transmission

· 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
· 


 Annex  B 6-tone DM-RS sequences

In this Annex we give two sets of possible 6-tone DM-RS sequences in Table B-1 and B-2. The latter set in Table B-2 is a sub-set of the Table B-1. 
Table B-1: Definition of 
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	0
	-3
	-3
	-3
	3
	1
	-3

	1
	-3
	-3
	3
	-3
	1
	-1

	2
	-3
	-3
	3
	-1
	3
	3

	3
	-3
	-3
	-1
	3
	-3
	3

	4
	-3
	-3
	-1
	3
	1
	-1

	5
	-3
	-3
	1
	-3
	3
	3

	6
	-3
	-3
	1
	3
	-1
	-3

	7
	-3
	3
	-3
	1
	3
	3

	8
	-3
	3
	3
	3
	-3
	1

	9
	-3
	3
	-1
	1
	-3
	-3

	10
	-3
	3
	-1
	1
	-1
	-1

	11
	-3
	3
	1
	-3
	-1
	-1

	12
	-3
	3
	1
	1
	3
	-1

	13
	-3
	3
	1
	1
	1
	3

	14
	-3
	-1
	-3
	3
	1
	3

	15
	-3
	1
	3
	3
	3
	1


Annex  C 3-tone DM-RS sequences

In this Annex we give two sets of possible 3-tone DM-RS sequences in Table C-1 and C-2. The latter set in Table C-2 is a sub-set of the Table C-1, providing reduced (partial) cross correlation results against 6- and 12-tone sequences. 
Table C-1: Definition of 
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