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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]. The revised NB-IoT work item was further approved at RAN#70 [2]. 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
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. 

2.1. Reference Signals for In-Band Operation
For in-band operation, one fact is that the legacy LTE CRS is always transmitted. It is straightforward that the LTE CRS can be utilized as the reference signals for demodulation of downlink channels if the required performance is achievable. However, the LTE CRS only may not be enough to support in-band operation due to the following reasons:
· Availability of LTE CRS sequence values in the NB-IoT PRB

· After cell search, the NB-IoT UE knows the cell ID and LTE CRS locations. However, the LTE CRS sequence values are not available and hence cannot be utilized for NB-PBCH decoding.
· Limited transmit power of LTE CRS
· To enhance the coverage performance of in-band deployment scenarios, power boosting can be applied to NB-IoT PRB(s). However, as LTE CRS boosting should be commonly applied for all the PRBs in the LTE operating bandwidth, it would not be easy to boost LTE CRS power to the same power level of NB-IoT PRB(s) in some scenarios. 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. 
Therefore, to enhance the performance of channel estimation and data transmission of in-band deployment, there is a need to define a new type of reference signals for in-band operation. For simplicity the legacy LTE CRS is called Type 0 reference signal, as shown in Fig. 1. The newly defined reference signals is called Type 1 reference signal, and an example is shown in Fig. 2.
Proposal 1: Two types of reference signals can be considered for NB-IoT downlink.

· Type 0 reference signals which have the same pattern as LTE-CRS

· Type 1 reference signals which are also cell-specific but not overlapped with Type 0 reference signals
Proposal 2: For in-band operation mode, the Type 1 reference signals are always transmitted in NB-PBCH. The transmission of Type 1 reference signals in other channels can be configurable. The details are FFS.
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 Figure 1: LTE-CRS Structure (Type 0)
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 Figure 2: An example of new CRS structure (Type 1)
2.2. Reference Signals for Standalone/Guard-Band Operations
For standalone and guard-band operations, one type of the above reference signals (i.e., Type 0 or Type 1) can be a baseline. Assume that the mode information is not available to NB-IoT UEs when receiving NB-PBCH, the Type 1 reference signals are always transmitted in NB-PBCH. Thus, the following options can be considered: 

· Type 0 as baseline for all channels except NB-PBCH, and Type 1 for NB-PBCH

· Type 1 as baseline for all channels

Proposal 3: For standalone and guar-band operation modes, consider down-selection from the following design options of reference signals: 
· Alt. 1: Type 0 as baseline for all channels except NB-PBCH, and Type 1 for NB-PBCH
· Alt. 2: Type 1 for all channels.

3. Conclusions

In this contribution, the NB-IoT downlink reference signal design is discussed. In summary, the proposals are as follows:
Proposal 1: Two types of reference signals can be considered for NB-IoT downlink.

· Type 0 reference signals which have the same pattern as LTE-CRS

· Type 1 reference signals which are also cell-specific but not overlapped with Type 0 reference signals

Proposal 2: For in-band operation mode, the Type 1 reference signals are always transmitted in NB-PBCH. The transmission of Type 1 reference signals in other channels can be configurable. The details are FFS.

Proposal 3: For standalone and guar-band operation modes, consider down-selection from the following design options of reference signals: 

· Alt. 1: Type 0 as baseline for all channels except NB-PBCH, and Type 1 for NB-PBCH

· Alt. 2: Type 1 for all channels.
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