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1. [bookmark: _Ref409106980]Introduction
In RAN1, it is already agreed that for NB-IoT UL shared channel:
Agreements: 
· One resource unit schedulable in PUSCH transmission for the data consists of fixed [X] msec at least for FDD
· X(115kHz) is 8 for 15 kHz case with single tone transmission
· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission
· In case of multiple tones is allocated for one UE, X{m} is smaller than X(115kHz)
· In case of 12 tones is allocated for one UE, X{12} is 1
· UL multi-tone transmission for the data with 12 tones is supported
· UL multi-tone transmission for the data also supports followings of numbers of multiple 
· {3} with 4 msec resource unit size
· {6} with 2 msec resource unit size


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
For single-tone allocation, which needs 8 subframes (16 slots), we may use a systematic design without using a computer search. More precisely, we can use binary code-blocks with high enough minimum Hamming distance. An example of such code-blocks is given by Reed-Muller code RM(1,3) for which the minimum distance is 4. The RM(1,3) code has 16 code-words, each of length 8. The kth code-word CWk, where k in binary is given by bits (i0i1i2i3), is a linear combination of the basis vectors v0, v1, v2, v3, where v0 is an all 1 vector. Thus, we have CWk = i0 v0+ i1 v1+ i2 v2+ i3 v3. Based on the absence or presence of bit i0, the code-words can be divided in to two groups of 8 such that within each group the absolute distance between codewors is maximized. 
In the given example, the code becomes 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, if 8 reference signal sequences are needed, each of length 8, we can use the Hadamard matrix H8, as shown in Table 1. Similarly, if 16 sequences each of length 16 is needed, a H16 can be used.

	

	


	0
	1
	1
	1
	1
	1
	1
	1
	1

	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1

	2
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	3
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	4
	1
	1
	1
	1
	-1
	-1
	-1
	-1

	5
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	6
	1
	1
	-1
	-1
	-1
	-1
	1
	1

	7
	1
	-1
	-1
	1
	-1
	1
	1
	-1


Table 1. Systematic sequence design based on RM(1,3) for single-tone transmission: 8 orthogonal sequences of length 8.          
   
When the required number of reference signal sequences m is not more than the sequence length n, use m rows of the n by n Hadamard matrix Hn.  
For 16 reference signal sequences, each of length 8, we use the code block shown in Table 2. This code block is obtained from a (8, 5) linear cyclic code, with the generator polynomial 1+D+D2 +D3, where only 16 code-words out of 32 is selected. We note that the maximum cross-correlation between any two pairs of the code words in Table 2 is less than 0.5.
 
	

	


	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1

	2
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1

	3
	1
	1
	-1
	-1
	-1
	-1
	1
	1

	4
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1

	5
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	6
	-1
	1
	1
	-1
	-1
	1
	1
	-1

	7
	1
	-1
	-1
	-1
	-1
	1
	1
	1

	8
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1

	9
	-1
	1
	1
	-1
	1
	-1
	-1
	1

	10
	1
	-1
	1
	-1
	1
	-1
	1
	-1

	11
	-1
	1
	-1
	-1
	1
	-1
	1
	1

	12
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	13
	-1
	-1
	1
	-1
	1
	1
	-1
	1

	14
	1
	1
	1
	-1
	1
	1
	1
	-1

	15
	-1
	-1
	-1
	-1
	1
	1
	1
	1


Table 2. Systematic sequence design based on (8, 5) cyclic code: 16 sequences of length 8.          

Alternatively, a 2nd order RM code could be used with similar results. Again, the codewords corresponding to vector v0 (all -1’s vector) needs to be excluded in order to eliminate codeword pairs with correlation -1. 

For 30 reference signal sequences, each of length 8, we can use (8, 6) linear cyclic code, with the generator polynomial 1+D2, and select 30 code words, as shown in Table 3. Note that the maximum cross-correlation between any two pairs in Table 3 is less than 0.5.
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 4. Note that the maximum cross-correlation between any two pairs in Table 4 is less than 0.5.
When the required number of reference signal sequences m is more than the sequence length n, use the linear cyclic code (n, k), where .
	

	


	0
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1

	1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1

	2
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1

	3
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1

	4
	1
	1
	-1
	-1
	-1
	1
	1
	-1

	5
	1
	-1
	-1
	-1
	-1
	1
	1
	1

	6
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1

	7
	1
	1
	-1
	-1
	1
	-1
	-1
	1

	8
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1

	9
	-1
	1
	-1
	-1
	1
	-1
	1
	1

	10
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	11
	1
	-1
	-1
	-1
	1
	1
	-1
	1

	12
	-1
	1
	-1
	-1
	1
	1
	1
	-1

	13
	-1
	-1
	-1
	-1
	1
	1
	1
	1

	14
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1

	15
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1

	16
	1
	1
	-1
	1
	-1
	-1
	1
	-1

	17
	1
	-1
	-1
	1
	-1
	-1
	1
	1

	18
	-1
	-1
	-1
	1
	-1
	1
	-1
	-1

	19
	-1
	-1
	-1
	1
	1
	1
	1
	-1

	20
	-1
	1
	-1
	1
	-1
	1
	-1
	1

	21
	1
	-1
	-1
	1
	-1
	1
	1
	-1

	22
	1
	1
	-1
	1
	-1
	1
	1
	1

	23
	1
	1
	-1
	1
	1
	-1
	-1
	-1

	24
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	25
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	26
	-1
	-1
	-1
	1
	1
	-1
	1
	1

	27
	1
	-1
	-1
	1
	1
	1
	-1
	-1

	28
	1
	1
	-1
	1
	1
	1
	-1
	1

	29
	-1
	1
	-1
	1
	1
	1
	1
	1


Table 3. Systematic sequence design based on (8, 6) cyclic code: 30 sequences of length 8.          
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	-1
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	-1
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	-1
	1
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	-1
	-1
	-1
	-1
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	-1
	1
	-1
	-1
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	-1
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	-1
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	-1
	1
	-1
	-1
	-1
	-1
	-1
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	-1
	-1
	-1
	1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	1
	-1
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	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
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	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
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	1
	-1
	-1
	1
	-1
	-1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1

	8
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1

	9
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1

	10
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	11
	1
	-1
	-1
	-1
	1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	1
	-1
	1

	12
	-1
	1
	-1
	-1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	1
	-1

	13
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1

	14
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1

	15
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1

	16
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1

	17
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1

	18
	-1
	-1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	-1

	19
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1

	20
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1

	21
	1
	1
	-1
	1
	-1
	1
	1
	1
	1
	1
	-1
	1
	-1
	1
	1
	1

	22
	1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	1
	-1
	1
	1
	-1
	-1
	-1

	23
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	24
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	25
	-1
	-1
	-1
	1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	1
	-1
	1
	1

	26
	1
	-1
	-1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	1
	-1
	-1

	27
	1
	1
	-1
	1
	1
	1
	-1
	1
	1
	1
	-1
	1
	1
	1
	-1
	1

	28
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1

	29
	-1
	1
	-1
	1
	1
	1
	1
	1
	-1
	1
	-1
	1
	1
	1
	1
	1


Table 4. Systematic sequence design based on (16, 6) cyclic code: 30 sequences of length 16.    


Proposal 1: For single-tone transmission, we propose to use systematic sequence for DMRS:
Case 1: When the required number of reference signal sequences m is not more than the sequence length n, use m rows of the nxn Hadamard matrix Hn.  
Case 2: When the required number of reference signal sequences m is more than the sequence length n, use the linear cyclic code (n, k), where .


1. Reference signal for multi-tone allocation
1. Reference signal for TPSK
For TPSK, the reference signal sequence can be the same as for single tone allocation. The reference signal tone mapping (hopping) is described in [3]. To align the reference signal pattern with resource unit and assuming one reference signal symbol per slot, the length of the pattern sequences are 16, 8, and 16 for (4,4)-TPSK, (3,3)-TPSK, and (2,4)-TPSK, respectively.
For the case of multi-tone allocation with TPSK, we propose to use systematic binary code design similar to single-tone transmission for the reference signal sequence within each hop.       
1. Reference signal for 8-BPSK
For 8-BPSK, the reference signal needs to have low PAPR comparable to 8-BPSK data. The simplest option is to use the same 8-BPSK construction as for data with a fixed known input. The input signal can be determined with a systematic construction, for example for 12 tone allocation, the input sequence can be one column of a Hadamard matrix H12. It is explained in [3] that, one option is to search over 8-BPSK modulated signals to find a set of sequences with small mutual cross-correlations. The DFT outputs of the corresponding sequences are the reference signal sequences defined in the frequency domain. Since there are a large number of sequences and any two input sequences to the 8-BPSK modulator with large Hamming distance have small cross-correlation, this design guarantees a sufficient number of candidate sequences.
If more sequences are needed than the sequence length than cyclic linear code construction can be used as described before. Note that a further benefit of cyclic codes is that the sequence correlation is similar in sync and async systems, since cyclic codes ensure minimum distance between cyclic shifts of the same codeword. 
For 8-BPSK transmission, a fixed systematic input bit, e.g. similar to the sequence design for single tone transmission, is used for reference signal where the reference signal construction is similar to 8-BPSK data construction.      

1. Reference signal for QPSK multi-tone transmission
For multi-tone transmission, it is agreed to consider 3 or 6 tone transmission. For both scenarios, we can use either one of the following: 
1. QPSK frequency domain reference signal, where a computer search is used to obtain the sequence. 
1. 8-BPSK reference signal, where the signal construction is the same as for 8-BPSK

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



where the value of  is given by Table 5 (for sequence length 3) or Table 6 (for sequence length 6).
For 3 tone transmission and QPSK, maximum 16 sequences can be generated. Table 5 shows 8 sequences with better PAPR and cross-correlation properties.

	

	


	0
	1
	1
	-1

	1
	1
	-3
	3

	2
	1
	1
	3

	3
	1
	-3
	-1

	4
	1
	1
	-3

	5
	1
	3
	1

	6
	1
	-1
	3

	7
	1
	-1
	1



Table 5. CGS definition of for 3 tone transmission.

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 5 shows the comparison between data and pilot PAPR for 6 tone transmission, where both data and pilot are QPSK modulated.

[image: ]
Figure 5. Comparison between data and pilot PAPR for 6 tone transmission with QPSK CGS.


	

	


	0
	1
	-1
	-1
	-1
	-3
	1

	1
	1
	3
	1
	1
	-1
	1

	2
	1
	1
	-3
	1
	1
	-3

	3
	1
	-1
	3
	1
	3
	-1

	4
	1
	-3
	-1
	-1
	-1
	1

	5
	1
	1
	3
	1
	1
	-1

	6
	1
	-1
	-3
	1
	3
	-3

	7
	1
	1
	-3
	-3
	-3
	1

	8
	1
	-3
	-3
	3
	3
	-1

	9
	1
	-1
	3
	-1
	-3
	-3

	10
	1
	-1
	-1
	-3
	-1
	-1

	11
	1
	-1
	-3
	-3
	-1
	1

	12
	1
	-3
	3
	3
	3
	1

	13
	1
	3
	3
	-1
	1
	-3



Table 6. CGS definition of for 6 tone transmission.
For each sequence in Table 6, 6 cyclic shifts are defined as follows
,
where is the base sequence given by Table 5, , and  is the cyclic shift .
For multi-tone transmission, we propose CGS with QPSK in frequency domain reference signal, or 8-BPSK reference signal design where the sequence generation is systematic and same as 8-BPSK.      

Proposal 2: For multi-tone allocation, we propose:
Case 1: For TPSK, use systematic binary code design similar to single-tone transmission for the reference signal sequence within each hop.       
Case 2: For 8-BPSK transmission, a fixed systematic input bit, e.g. similar to the sequence design for single tone transmission, is used for reference signal where the reference signal construction is similar to 8-BPSK data construction.      
Case 3: For multi-tone transmission, we propose CGS with QPSK in frequency domain reference signal, or 8-BPSK reference signal design where the sequence generation is systematic and same as 8-BPSK.         

When we have bundled transmissions, choosing the same DMRS sequences for the entire bundle may result in collision of users from different cells. 
For single tone transmissions, we propose to use scrambling sequence to randomize the interference. For multiple tone transmissions, we can select different DMRS sequences to randomize the interference. The random functions can be a function of cell-ID, or a combination of cell ID and UE ID. 
Proposal 3: Use scrambling or selection of DMRS sequences within a bundle to reduce inter-cell interference. 

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 to use systematic sequence for DMRS:
Case 1: When the required number of reference signal sequences m is not more than the sequence length n, use m rows of the nxn Hadamard matrix Hn.  
Case 2: When the required number of reference signal sequences m is more than the sequence length n, use the linear cyclic code (n, k), where .

Proposal 2: For multi-tone allocation, we propose:
Case 1: For TPSK, use systematic binary code design similar to single-tone transmission for the reference signal sequence within each hop.       
Case 2: For 8-BPSK transmission, a fixed systematic input bit, e.g. similar to the sequence design for single tone transmission, is used for reference signal where the reference signal construction is similar to 8-BPSK data construction.      
Case 3: For multi-tone transmission, we propose CGS with QPSK in frequency domain reference signal, or 8-BPSK reference signal design where the sequence generation is systematic and same as 8-BPSK.   

[bookmark: _GoBack]Proposal 3: Use scrambling or selection of DMRS sequences within a bundle to  reduce inter-cell interference      
1. References
1. [bookmark: _Ref397674406][bookmark: _Ref403069021][bookmark: _Ref384735847]RP-151621, “New Work Item: Narrowband IOT (NB-IOT),” Qualcomm, Sept. 2015, Phoenix, AZ
1. R1-160038, “Uplink frame structure design“, Huawei
1. R1-160881, “Description of 8-BPSK and TPSK for the NB-IoT uplink“, Qualcomm 




1(7)
[bookmark: _Toc458939174]7(7)
image1.wmf
u


oleObject1.bin

image2.wmf
)

7

(

),...,

0

(

s

s


oleObject2.bin

oleObject3.bin

oleObject4.bin

oleObject5.bin

image3.wmf
)

7

(

),...,

0

(

s

s


oleObject6.bin

oleObject7.bin

image4.wmf
)

15

(

),...,

0

(

s

s


oleObject8.bin

image5.wmf
5

0

,

)

(

4

)

(

£

£

=

n

e

n

r

n

j

u

p

j


oleObject9.bin

image6.wmf
)

(

n

j


oleObject10.bin

oleObject11.bin

image7.wmf
)

2

(

),

1

(

),

0

(

j

j

j


oleObject12.bin

image8.wmf
)

(

n

j


oleObject13.bin

image9.emf

oleObject14.bin

image10.wmf
)

5

(

),...,

0

(

j

j


oleObject15.bin

oleObject16.bin

