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1. Introduction

In RAN#69 meeting, narrow band Internet of Things (NB-IoT) has been approved as a new work item [1], and in RAN1 NB-IoT Ad-Hoc meeting, following agreement were made in [2]. 
	RAN1 NB-IoT adhoc 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


In this contribution, we discuss RS design for NB-IoT downlink transmissions.
2. Discussions
Considering NB-RS location, NB-RS cannot be located in symbols where CRS is present to avoid CRS of other cell with different v-shift. Then, NB-RS location may be overlapped with CSI-RS location, where legacy CSI-RS can be transmitted from LTE eNBs in all RBs, including NB-IoT RBs in in-band operation. With NB-RS interference to CSI-RS which is expected to have more EPRE than CSI-RS RE, overall LTE CQI calculation can be degraded due to the interference from neighbor cells’ NB-RS. Also, if CSI-RS collides with NB-RS, it may be that CSI-RS will puncture NB-RS to protect legacy operation, which then affects the peformance of NB-RS in NB-IoT band due to worse channel estimation performance. Therefore it would be better to design NB-RS to avoid CSI-RS location.

In legacy LTE, when two ports CRS are transmitted, CRS can be 3dB boosted compared to data as the power not used in REs used for the other anntena port’s CRS can be used in CRS REs of one antenna port. 

Based on the above obsevations and assumptions, we evaluate a few cases of RS cases used for NB-PDSCH data demodulation assuing SFBC scheme as follows in inband scenarios. 2 port CSI-RS in OFDM symbol 5 and 6 where CSI-RS port 15 and 16 is transmitted in the first slot is transmitted and the CSI-RS punctures NB-RS if collision occurs, and 4-subframe multi-channel estimation is used. Detailed evaluation assumptions are shown in Table in Annex. 
(1) CRS-shifted NB-RS pattern: Data is rate matched around legacy CRS. Only a new RS pattern (CRS-shifted pattern i.e., OFDM symbol 0 CRS REs ( OFDM symbol 5 new RS REs, OFDM symbol 4 CRS REs ( OFDM symbol 6 new REs) is used for data demodulation. NB-RS has the 3dB boosted power to NB-PDSCH REs. In this simulation, v-shift of NB-RS is assumed to be 0, thus CSI-RS overrides NB-RS at the (5, 9), (6, 9), where (x, y) represent the RE with symbol number x and frequency location y.
(2) CSI-RS avoiding NB-RS pattern: Similar to (2), only new RS is used for data demodulation. For the new RS pattern, we used RS pattern shown in Figure 1. NB-RS has the 3dB boosted power to NB-PDSCH REs. In this case, no CSI-RS overrides NB-RS. Instead, data REs in the CSI-RS location is punctured by CSI-RS.
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Figure 1. CSI-RS avoiding NB-RS pattern
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Figure 2. BLER performance with different RS pattern with 2 port CSI-RS puncturing
As shown in Figure 2, CSI-RS avoiding RS pattern shows slightly better performance than CRS-shifted NB-RS pattern. SFBC and low coding rate can recover the lost data REs of CSI-RS avoiding RS case, and channel estimation degradation due to the misused CSI-RS as NB-RS affected the overall channel estimation performance for CRS-shifted NB-RS case, result in some performance lost.
Proposal 1:NB-RS design avoiding CSI-RS is adopted. 

3.  Conclusion
This contribution discusses options for RS design for NB-IoT. The following captures our proposals.
Proposal 1:NB-RS design avoiding CSI-RS is adopted. 
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Annex : Simulation Parameters and Assumptions
	Parameter
	value

	System bandwidth
	10MHz

	Carrier frequency
	900kHz

	Antenna configuration
	2Tx, 1Rx, low correlation 

	Channel model, Doppler spread
	TU 1Hz

	TB size
	48bits

	TTI extension
	2 subframes

	Modulation
	QPSK

	CRS handling
	4 ports rate matching

	Frequency tracking error
	Uniformly selected within [-50 Hz, 50 Hz]

	Frequency drift rate
	22.5 Hz/second

	Legacy PDCCH
	3 OFDM symbols


