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1 Introduction
In RAN1 #84bis meeting, the following work assumption is confirmed [1]:
· Working Assumption: 

· Support 3 DM-RS symbols per 7 symbol period

· The DM-RS sequence is obtained as

· Use  single tone DM-RS PUSCH spread by length 3 OCC sequence defined for PUCCH

· The OCC ID is pseudo-randomly selected (from existing OCCs) according to 
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In this contribution, we discuss potential issues on DMRS for NPUSCH format 2.
2 Discussion
In RAN1 NB-IoT adhoc#2 [2], the phase rotation was agreed to introduce for reducing PAPR/CM when single-tone is allocated. The DMRS for NPUSCH format 2 is obtained by single-tone DMRS spread by time domain OCC. The length of OCC sequence is 3. The orthogonality of OCC sequence cannot be maintained if the existing phase rotated scheme was used. In order to resolve this issue, we propose same phase rotated constellation point is used for all DMRS symbols. The details are as follows:
· 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
· m = 0, when symbol index = 3 for 15kHz and symbol index = 1 for 3.75kHz
· m = ( symbol index mod 2 ), otherwise
· symbol index counts from 0

Proposal 1: 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

· m = 0, when symbol index = 3 for 15kHz  and symbol index = 1 for 3.75kHz
· m = ( symbol index mod 2 ), otherwise
· symbol index counts from 0

It is agreed the OCC sequence index for NPUSCH format 2 DMRS is chosen according to
[image: image2.wmf]3

mod

)

,

(

s

cell

cs

l

n

n

.  The definition of 
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where the pseudo-random sequence 
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 is defined by section 7.2 of 36.211. The pseudo-random sequence generator shall be initialized with 
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 at the beginning of each radio frame. 

In 36.211CR [3], it is described the OCC sequence index is chosen according to  
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The OCC sequence index of neighbouring cells may be same if above two methods were used. Therefore the DMRS orthogonality of neighbouring cells cannot be maintained. In order to resolve this issue, we propose OCC sequence index is chosen according to
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Proposal 2: OCC sequence index is chosen according to
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3 Conclusions

In this contribution, potential issues on DMRS for NPUSCH format 2 have been discussed. We make the following proposals:
Proposal 1: 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

· m = 0, when symbol index = 3 for 15kHz  and symbol index = 1 for 3.75kHz
· m = ( symbol index mod 2 ), otherwise
· symbol index counts from 0

 Proposal 2: OCC sequence index is chosen according to
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