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1 Introduction
In RAN1 #NB-IoT AdHoc meeting [1], it was agreed to introduce NB-RS for DL NB-PBCH, NB-PDCCH, and NB-PDSCH:

· A NB-RS is used at least for NB-PBCH and that is common among all operation modes

· At least NB-RS is always present and always used for single antenna port and 2 antenna ports transmission schemes

· FFS: Additional utilization of LTE CRS in in-band operation mode

· For NB-PDCCH/NB-PDSCH,

· In-band operation

· NB-RS is present without condition

· Stand-alone and guard-band operations

· Only NB-RS is used

In this contribution we discuss some considerations regarding to the design of NB-RS.
2 Design principle for NB-RS
Since the NB-RS will be introduced as the demodulation phase reference for NB-PBCH, NB-PDCCH, and NB-PDSCH, it is preferred that a unified channel estimation method can be applied for all physical channels no matter in in-band, guard-band or stand-alone operating mode. This is not only beneficial to NB-IoT device’s cost but also helps to reduce design effort from chip vendor’s point of view. Therefore a common pilot pattern should be targeted for all the subframes where NB-RS is present. 
Further, considering that NB-RS may be the sole reference signals for guard-band and stand-alone modes, they are likely to be used for CSI or cell measurement as well. On the other hand, UE sometimes need cross subframe average to improve the accuracy of channel estimation. Furthermore, the reference signals are also usually applied for time/frequency tracking or AGC gain settling. All the above requires NB-RS to be cell specific and its presence should be guaranteed in every subframe except for NB-PSS/NB-SSS subframes. For in-band operation, the subframes that are configured as invalid (eg. MBSFN subframe) will also allow no transmission of NB-RS.
Proposal #1: NB-RS pattern is common for all physical channels of all operating modes.
Proposal #2: NB-RS is cell-specific and always present except for the NB-PSS subframes, NB-SSS subframes, or any invalid subframes configured by higher layers (eg. MBSFN subframes).
Regarding to the NB-RS pattern, considering the consistency for all subframes in all operating modes, we need to avoid the possible positions of LTE CRS and LTE PDCCH region. Fig.1 shows the proposed NB-RS pattern for normal CP and extended CP respectively. The design principle here is to retain the same density as LTE CRS with 2 TX ports. Further, NB-RS will be located in the same subcarriers as LTE CRS but in different OFDM symbols. Specifically, the NB-RS position in frequency domain will also follow the cell-specific v-shift. This enables similar interference randomization as CRS considering the NB-IoT may deployed in the existing LTE eNB for in-band operation. Applying the same positions for NB-RS and LTE CRS in frequency may also allow UE to consider joint channel estimation with both reference signals more easily.
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Figure 1: Proposed NB-RS pattern for (a) normal CP; and (b) extended CP
For the sake of standardization effort, it is preferred to reuse the same sequence generator as LTE CRS. Since the NB-RS should be commonly used for NB-PBCH in different operating modes, the sequence should be agnostic to mode or PRB index. How to define the initial state of sequence generator can be for further discussion.

Proposal #3: The NB-RS positions in frequency domain are the same as LTE CRS positions. i.e. follows the same cell-specific v-shift definition.
Proposal #4: The NB-RS sequence is generated with the same method as LTE CRS with predefined initial state

· The initial state is independent of operating mode or PRB index for in-band operation. Further details are FFS.
The operating SNR is very low for NB-IoT operated in extreme coverage scenario. In that case, the channel estimation may be inaccurate. To improve the channel estimation, it is rational to allow power boosting for NB-RS. 
Proposal #5: Allow power boosting for NB-RS

As we described previously, it is beneficial from the performance perspective to improve channel estimation accuracy for in-band mode by jointly considering NB-RS and LTE CRS. To enable this, we need to guarantee the NB-RS ports, LTE CRS ports, and the data RE as well, are conveyed through the channel response. One option is to specify NB-RS port 0/1 is associated with (or say, experience the same channel response as) LTE CRS 0/1, respectively. 
Proposal #6: For in-band operating mode, NB-RS port 0 is associated with LTE CRS port 0, while NB-RS port 1 is associated with LTE CRS port 1.
3 Conclusion
We provide some design principles for the NB-RS in this contribution. The proposals are summarized as follows:
Proposal #1: NB-RS pattern is common for all physical channels of all operating modes.
Proposal #2: NB-RS is cell-specific and always present except for the NB-PSS subframes, NB-SSS subframes, or any invalid subframes configured by higher layers (eg. MBSFN subframes).

Proposal #3: The NB-RS positions in frequency domain are the same as LTE CRS positions. i.e. follows the same cell-specific v-shift definition.
Proposal #4: The NB-RS sequence is generated with the same method as LTE CRS with predefined initial state

· The initial state is independent of PRB index for in-band operating mode. Further details are FFS.
Proposal #5: Allow power boosting for NB-RS

Proposal #6: For in-band operating mode, NB-RS port 0 is associated with LTE CRS port 0, while NB-RS port 1 is associated with LTE CRS port 1.
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