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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#84 [3], the following agreements were achieved regarding the NB-IoT reference signal (NB-RS) transmission. In this contribution, the remaining issues are discussed.
	Agreements:

· For the two antenna ports of NB-RS, antenna ports 0 and 1 are mapped to the last two OFDM symbols of the slot.
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· NB-RS uses a cell-specific frequency shift derived as NB-IoT Cell ID mod 6
· For NB-RS sequence, LTE CRS sequence is reused for NB-RS

· Centre of LTE CRS sequence is used as NB-RS sequence for all PRBs 
Working assumption:
· LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2.
Agreements:

· When the same-PCI indicator is set to true

· The UE may assume that cell ID is identical for NB-IoT and LTE, 
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· The UE may assume that the number of antenna ports is the same for LTE CRS as for NB-RS

· The UE may assume that the channel can be inferred from both NB-RS and LTE CRS

· LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1

· The UE may assume LTE CRS are available in the NB-IoT PRB in all subframes where NB-RS are available

· When the same-PCI indicator is set to false

· The UE shall make no assumption on the LTE CRS except for the RE locations for rate matching
· FFS

· LTE CRS power offset to NB-RS is signaled to UE


2 Discussion 
2.1 NB-RS Utilization
It was agreed that NB-RS re-uses the pattern and functionalities of CRS, except that the NB-RS REs are located in the last two OFDM symbols in a slot. There is possibility that the NB-RS may collide with CSI-RS, which needs to be properly handled by eNB scheduling/implementation. 

Proposal 1: Collision between NB-RS and CSI-RS is handled by eNB scheduling/implementation.

In the NB-IoT system which requires extreme coverage scenarios, the accuracy of channel estimation may be important. Similar as the legacy LTE system, it is beneficial to support power boosting for NB-RS, to improve the channel estimation performance.
Proposal 2: Allow power boosting for NB-RS, with a similar signaling approach considered in LTE.
2.2 CRS Utilization
From the performance perspective, it is beneficial to improve channel estimation accuracy for in-band operation mode by jointly considering NB-RS and LTE CRS. To enable this, the information required for CRS utilization needs to be signaled. 
First, the NB-IoT UEs need to be informed about the information for deriving the CRS sequence values in the NB-IoT PRB, e.g., cell ID, system BW, PRB index/offset. Such information can be included in the NB-MIB as proposed in our companion contribution [4]. 
In addition, the UE needs to be informed about the relative power offset between NB-RS REs and LTE CRS REs, for more accurate channel estimation jointly. This can be indicated in the NB-MIB or NB-SIBs. Since it was assumed that the information to obtain the CRS information is indicated in NB-MIB, it is preferred to signal the power offset together in NB-MIB. 
Proposal 3: Confirm that the power offset between NB-RS and CRS is signaled to UE in NB-MIB.

3 Conclusions
In this contribution, the remaining issues of NB-IoT downlink reference signal design are discussed. In summary, the proposals are as follows:

Proposal 1: Collision between NB-RS and CSI-RS is handled by eNB scheduling/implementation.

Proposal 2: Allow power boosting for NB-RS, with a similar signaling approach considered in LTE.

Proposal 3: Confirm that the power offset between NB-RS and CRS is signaled to UE in NB-MIB.
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