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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, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. At RAN1 NB-IoT Adhoc meeting [3], the following agreements were achieved regarding the NB-IoT reference signal (NB-RS) transmission. In this contribution, the detailed NB-RS design is discussed.
	Agreements:
· 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


2 Discussion 
2.1 NB-RS Pattern
Considering the in-band operation, there is possibility that the NB-IoT UEs may utilize the legacy LTE CRS, even though the NB-RS is always present. Therefore, it is preferred that the NB-RS design can re-use the LTE CRS design as much as possible. 
Subcarrier Position

· The same cell-specific frequency shift can be defined as in LTE, i.e., 
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, which define the NB-RS position in the frequency domain. This enables the NB-IoT UEs to use the same frequency interpolation for NB-RS and LTE CRS if utilized.
OFDM Symbol Position
· The NB-RS can be located in the OFDM symbols which do not carrying the legacy LTE CRS. The following options can be considered:

· Option 1: Locate the NB-RS in the adjacent OFDM symbol of legacy LTE CRS 

· Option 2: Locate the NB-RS in the last two OFDM symbols in each slot
In Fig. 1, an example of NB-RS structure with Option 1 is shown, where the NB-RS are located in the OFDM symbol 3 and 6 in a slot for normal CP case. The RS distribution interval in the time domain is the same as that of LTE CRS, and the same time interpolation can be used. There is possibility that the NB-RS carried in the last OFDM symbol may collide with CSI-RS, which need to be properly handled by eNB scheduling/implementation. For extended CP case, the OFDM symbol 3 carrying NB-RS in slot 0 may collide with the legacy control region for in-band operation. 
In Fig. 1, an example of NB-RS structure with Option 2 is shown, where the NB-RS are located in the OFDM symbol 5 and 6 in a slot for normal CP case. The RS distribution interval in the time domain is different from that of LTE CRS. There is possibility that the NB-RS carried in both OFDM symbols in a slot may collide with CSI-RS, which need to be properly handled by eNB scheduling/implementation.
The RS density in both Option 1 and Option 2 is the same as that of LTE CRS. The above pros and cons need to be carefully considered in the NB-RS design.

Proposal 1: The NB-RS uses the same functionality of cell-specific frequency shift as in LTE, i.e., 
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Proposal 2: The NB-RS is located in the OFDM symbols not occupied by legacy LTE CRS.

· If only normal CP is supported, the NB-RS is located in the OFDM symbol 3 and 6 in each slot. 
· If both normal CP and extended CP are supported, the NB-RS is located in the OFDM symbol 5 and 6 in each slot for normal CP case, and the OFDM symbol 4 and 5 in each slot for extended CP case. 
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 Figure 1: NB-RS structure (Option 1)
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Figure 2: NB-RS structure (Option 2)
2.2 NB-RS Sequence Generation
The NB-RS sequence generation can re-use the functionalities of LTE CRS sequence generation described in clause 6.10.1 of TS 36.211 [3]. 
Proposal 3: NB-RS re-uses the functionalities of CRS sequence generation in LTE, with the following exceptions:

· For initialization of the pseudo-random sequence generator in clause 6.10.1.1, the quantity 
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· For resource mapping in clause 6.10.1.2, the OFDM symbol index is replaced by the symbol index carrying NB-RS, and the quantity 
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3 Conclusions
In this contribution, the NB-IoT downlink reference signal design is discussed. In summary, the proposals are as follows:

Proposal 1: The NB-RS uses the same functionality of cell-specific frequency shift as in LTE, i.e., 
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Proposal 2: The NB-RS is located in the OFDM symbols not occupied by legacy LTE CRS.

· If only normal CP is supported, the NB-RS is located in the OFDM symbol 3 and 6 in each slot. 
· If both normal CP and extended CP are supported, the NB-RS is located in the OFDM symbol 5 and 6 in each slot for normal CP case, and the OFDM symbol 4 and 5 in each slot for extended CP case. 

Proposal 3: NB-RS re-uses the functionalities of CRS sequence generation in LTE, with the following exceptions:

· For initialization of the pseudo-random sequence generator in clause 6.10.1.1, the quantity 
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· For resource mapping in clause 6.10.1.2, the OFDM symbol index is replaced by the symbol index carrying NB-RS, and the quantity 
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