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1. Introduction

At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things [1]. NB-IoT should support three different modes of operation, i.e., standalone operation, guard-band operation, and in-band operation. In this contribution, reference signal (RS) design for NB-IoT is discussed and new RS design is proposed.
2. Discussion
2.1. General
As stated in [1], NB-IoT should support three different modes of operation:

· ‘Standalone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers.

· ‘Guard-band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band.

· ‘In-band operation’ utilizing resource blocks within a normal LTE carrier.

It is desirable to have commonality in design for different operation modes as much as possible to reduce implementation complexity of devices. For example, common reference signal (RS) design for all the operation modes as well as for most of the downlink channels would be preferred. 

In this contribution, we propose a new cell-specific RS (CRS) for NB-IoT, called narrowband CRS (N-CRS), which can be commonly utilized for all the operation modes and for demodulation of narrowband physical broadcast channel (N-PBCH), narrowband physical DL control channel (N-PDCCH), and narrowband physical DL data channel (N-PDSCH). 
The reason not reusing legacy LTE CRS pattern for NB-IoT is mainly because of the in-band operation. To enhance the coverage performance of in-band and guard-band deployment scenarios, power boosting can be applied to NB-IoT PRB(s) [2-3]. However, as CRS boosting should be commonly applied for all the PRBs in the LTE operating bandwidth, it would not be easy to boost CRS power of NB-IoT PRB(s) in in-band without affecting legacy LTE UEs. When power boosting is not applied to legacy CRS, the performance of NB-IoT in LTE in-band can be largely degraded due to poor channel estimation performance especially in the extreme coverage case. To enhance the performance of channel estimation and data transmission of in-band deployment, additional RS needs to be used. Note that legacy CRS can also be used to further enhance the channel estimation performance, especially power boosting value applied for NB-IoT PRB is small.
2.2. Proposed Design for N-CRS
The followings are considered in designing N-CRS:
· N-CRS can be commonly utilized for all the operation modes.

· N-CRS can be utilized for the demodulation of the downlink channels such as N-PBCH, N-PDCCH, and N-PDSCH, and for measurements and time/frequency offset estimation.

· N-CRS is designed to avoid collision with legacy PDCCH, CRS, CSI-RS of LTE in in-band mode.

· The mapping of legacy PDCCH, CRS, and CSI-RS can be found in Annex A.

· Along with CRS, N-CRS can be shifted in frequency domain according to the cell-ID so that the inter-cell interference caused by overlapping of N-CRS from adjacent cells can be reduced.

· Location of DMRS of LTE is avoided to be used for N-CRS since available number of frequency shifts to reduce inter-cell interference is small due to the CSI-RS.

· RS sequence value is defined at least with cell-ID but not with PRB index so that N-PBCH, N-PDCCH, and N-PDSCH can utilize N-CRS in demodulation without knowing the PRB location of NB-IoT in in-band mode.
· This means the RS sequence values can be immediately derived after cell search.
· This does not preclude utilizing slot number and CP information in defining RS sequence.
· N-CRS pattern is uniformly distributed in time domain and frequency domain to achieve uniform channel estimation performance.

The proposed N-CRS which satisfies the above principles is described in Figure 1. It is observed that three different RS shifting are possible with the proposed N-CRS pattern.
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(a) Standalone/guard-band deployment
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(b) In-band deployment

Figure 1: RS structure of standalone, guard-band, in-band operation modes
Proposal 1: A common CRS pattern for all three operation modes is preferred, to reduce the implementation complexity at the device side.

Proposal 2: Considering in-band deployment, new CRS should avoid collision with legacy PDCCH, CRS, CSI-RS of LTE.
Proposal 3: To depress inter-cell interference, cell-specific frequency shift is applied to determine the position of new CRS in the frequency domain.
Proposal 4: RS sequence for new CRS can be immediately derived after cell search.

3. Conclusions

In this contribution, the new RS for NB-IoT is proposed. In summary, the proposals are as follows:
Proposal 1: A common CRS pattern for all three operation modes is preferred, to reduce the implementation complexity at the device side.

Proposal 2: Considering in-band deployment, new CRS should avoid collision with legacy PDCCH, CRS, CSI-RS of LTE.

Proposal 3: To depress inter-cell interference, cell-specific frequency shift is applied to determine the position of new CRS in the frequency domain.
Proposal 4: RS sequence for new CRS can be immediately derived after cell search.
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5. Annex A
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Figure 2: Mapping of PDCCH, CRS, CSI-RS, and DMRS of LTE in a subframe
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