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1 Introduction
In RAN1 AcHoc on NB-IOT various agreements related to the NB-PUSCH were made, related to frame structure, frequency granularity in terms of multitoned etc. as highlighted in Annex A at the end of this document. DM-RS design for NB-PUSCH were discussed in different papers, and in this paper we aim to give our preference to 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 [6]. The base sequence [image: image4.png]
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is given in Table 5.5.1.2-1 [7]. 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. 
Multitone transmission
In RAN1 AdHoc for NB-IOT it was agreed that for multitone transmission frame design shall follow the LTE sub-frame structure. It was also agreed that QPSK modulation shall be supported in case of multitone transmission. In terms of frequency allocation, 3 different allocations can be considered, 3, 6 and 12-tones. As DM-RS sequence corresponding to 12-tones/1PRB is also defined for LTE, it would seem beneficial to use this also in case of NB-IOT DM-RS design:

Proposal 1: LTE UL DM-RS pattern is reused for NB-IOT in case of 12-tones is transmitted 

In case of fewer multitones, 3 and 6-tones, different approaches could be considered. First possible approach., would be using same full 12-tone DM-RS pattern as in case of LTE, even in case of 3 and 6-tone transmission. This would allow reusing the known sequences (30), inheriting the favourable CM and cross correlation properties of LTE. Through selected (time domain) cyclic shifts FD-CDM could be used to separate pilots of the different users. As at maximum four 3-tones users can be allocated simultaneously, this would allow delay spreads up to 16.67us which would seem sufficient for the considered delay spreads. 
With this approach the single tone user pilots (in case of 15kHz numerology) would suffer from multitone user pilots. This could be naturally avoided by using the same 12-tone DM-RS design also for the single tone transmission. However as noted in next section this does not seem preferable and due to possibly large signal level difference between users at different coverage levels at the receiver it might not be feasible to consider 
Observation 1: It would preferable use the pool of existing 12-tone sequences also for <12 tone transmission due to know properties and base pool size, but it might not be feasible due to interference towards single tone users.

Other alternative, is to define new DM-RS pattern for each case, with FD allocation matching to the allocated tones for each case. The DM-RS pattern could only cover sub-set of allocated tones, e.g. only single tone even in case of 6-tone transmission. Considering that the  minimum schedulable unit for 3-tones is 4ms and 2ms for 6-tones, it can be seen that if sub-set of available tones are used, e.g. only one, the available sequence length would be severely limited. As it would be desirable from inter-cell interference mitigation perspective to have as large pool of sequences as possible it would appear to be preferable to target introducing sequences using both time and frequency domain.  
Proposal 2: New DM-RS patters are defined for 3 tone and 6 tone transmission.
Single tone transmission
On the basis of PAPR, CM and spectral characteristics, in case of single tone transmission it was selected in RAN1 NB-IOT AdHoc to support pi/2-BPSK and pi/4-QPSK modulation for both numerologies. The sub-frame structure of 15kHz numerology was agreed to be aligned to the corresponding LTE. While the exact details of CP length etc. were left open for 3.75kHz numerology, 2ms NB-slot format consisting 7 symbols was agreed. 
Now when considering the single tone transmission, it could be envisioned that similar approach as proposed in Section 2.1. could be applied also for single tone. However as one of the main targets of introducing single tone transmission was to allow increased PSD (coverage) with more efficient PA structures (near constant envelope) using the LTE based 12-tone DM-RS pattern might not be in full agreement with these targets. Furthermore if only single tone transmission is supported, it could enable simpler TX architecture to be used, having narrower BW support, it might not be beneficial to enforce wider transmissions for single tone devices. Based on the defined minimum schedulable resource unit, and assuming similar DM-RS overhead as in LTE, the maximum or one supported base sequence length would be 16 for both 15kHz and 3.75kHz numerology. Assuming quasi static conditions where long channel coherence time would be long it would seem feasible to use 16 as minimum sequence length. Hence when looking at the single tone transmission it would seem preferable to consider defining new DM-RS pattern for the single tone transmission. To simplify the definition of phase rotation [8] in the single tone modulations it might be simpler to define patterns for both modulations aiming to maintain the CM properties. 
Proposal 3: New DM-RS pattern is defined for single tone transmission, separately for each modulation. 
3 Conclusions

In this contribution we have discussed the DM-RS design and provide following proposals
Proposal 1: LTE UL DM-RS pattern is reused for NB-IOT in case of 12-tones is transmitted 

Proposal 2: New DM-RS patters are defined for 3 tone and 6 tone transmission
Proposal 3: New DM-RS pattern is defined for single tone transmission, separately for each modulation. 
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Annex  A NB-PUSCH related agreements
In RAN1 AdHoc on NB-IoT following agreements related to the NB-PUSCH design were made:

	· 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

· Allow one TB scheduled over more than one resource units in time
· For 15kHz subcarrier spacing, OFDM/SC-FDMA symbol boundary is no change from LTE 

· At least for FDD with the normal CP case,

· For 3.75kHz subcarrier spacing of uplink, 

· Define a 2ms NB-slot, there are 7 symbols. 

· One symbol consists of [FFS] Ts of symbol with CP length of [FFS] Ts assuming Ts=1/1.92MHz. Editor will take care how to capture Ts value in the spec.

· The above symbols are located from the beginning of 2ms period. FFS the usage of the remaining time in the NB-slot if there is the remaining time

· The 2ms NB-slot boundary is aligned with LTE subframe boundary. FFS among odd only or even only or to support both even/odd
· FFS on collision of LTE SRS for in band mode 

· Opt 1: eNB scheduling or implementation

· Opt 2: puncture/rate matching of 3.75kHz transmission to avoid the collision 

· Opt 3: define a GP to avoid potential collision

· Note combination of above options can also be considered. 

· When single-tone is allocated, Pi/4-QPSK and Pi/2-BPSK are supported

· FFS: How rotation is realized

· FFS: Phase rotation for RS(s)

· When multi-tone is allocated, QPSK is supported

· FFS: TPSK, 8-BPSK

· Periodic CSI and dedicated SR is not supported in Rel-13 NB-IoT

· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported
· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK
· FFS for the piggy back of SR
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