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1 Introduction

At the last RAN1 ad-hoc meeting in Budapest, HU the following was agreed to progress the design on NB-IoT.
	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 present our view on the NB-RS design to conclude the NB-IoT work item during RAN1 #84. 
2 NB-IoT Reference Signal Design
According to the agreements reached at the last meeting, the same NB-RS design is used in all modes of operation and it is always present and always used for demodulation. However, one of the remaining issues is how to design this novel NB-IoT reference signal. Figure 1 and Figure 2 below depict two possible reference signal designs. In consideration of the extremely limited time to close all remaining issues of the NB-IoT work item, we propose to base the NB-RS design on the legacy LTE CRS to the utmost extend. 

With regard to the NB-RS pattern, Figure 1 shifts the legacy CRS positions in the time domain in order to avoid collisions with CRS transmitted by neighboring cells with a different v-shift. Alternatively, as illustrated in Figure 2, the legacy CRS positions can be shifted in the frequency domain. In this case, the NB-RS may collide with the CRS of a neighboring cell depending on that cells PCI. On the other hand, such a frequency domain shift avoids collisions with legacy CSI-RS that may occur for some CSI-RS configurations. Since NB-RS can be boosted up to 6dB, we prefer the time-domain shifted pattern that avoids collision with neighbor cell CRS.
Proposal 1: The NB-RS pattern is a time-domain shifted version of the LTE CRS design with the same density per NB-RS antenna port as the corresponding LTE CRS antenna port as depicted in Figure 1.
Having the same number of REs carrying CRS for antenna ports one and carrying NB-RS for antenna ports 100 and 101 also allows to re-use the legacy CRS sequence generation for NB-RS transmissions. In other words, NB-RS is identical to LTE CRS except for the time/frequency resource pattern and we prefer to not introduce new design as is [5] within this release.. 
Proposal 2: NB-RS is identical to LTE CRS except for the time/frequency resource pattern.
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Figure 1: Time-domain shifted NB-IoT reference signal design
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Figure 2: Frequency-domain shifted NB-IoT reference signal design
3 Use of LTE CRS in NB-IoT In-band Operation
Generally, we are open to facilitate NB-IoT UEs to use LTE CRS for demodulation of unicast data in the downlink when NB-IoT is operated in in-band deployments. However, we think that any RAN4 performance requirements should be defined solely on the assumption that NB-RS is used for demodulation. In other words, whether an NB-IoT UE wants to use LTE CRS for channel estimation should be left to NB-IoT UE implementation rather than being mandated via more stringent performance requirements. 
Proposal 3: RAN4 performance requirements should be defined solely on the assumption that NB-RS is used for demodulation.
Unfortunately, NB-IoT UEs cannot use LTE CRS for channel estimation without specification support. At least three things need to be specified in RAN1. The NB-IoT UE needs to be informed of the LTE PRB index in which it is supposed to receive data since the LTE CRS sequence depends on the relative distance to the d.c. subcarrier. Such information can be included in the NB-MIB as proposed in our companion contribution in [3]. Alternatively, it can be included in the system information broadcast. For multi-carrier NB-IoT deployments, as discussed in [4], the PRB index can also be signaled via UE-specific RRC transmissions. 

Secondly, since NB-RS can be boosted up to 6dB, the UE needs to be informed about the relative power offset between NB-RS REs and LTE CRS REs. Note that LTE CRS cannot be boosted in NB-IoT PRBs only for backward compatibility. Hence, together with the PRB index, the eNB needs to signal the relative power offset PNB-RS. As mentioned before, this can happen in the NB-MIB, the system information, or via dedicated RRC signaling.
Lastly, legacy LTE CRS antenna ports need to be associated with NB-RS antenna ports. A simple mapping could be included into RAN1 specifications such as the one in Table 1.

Table 1: Association between LTE CRS and NB-RS antenna ports

	Legacy LTE CRS antenna port
	Associated NB-RS antenna port

	0
	100

	1
	101


Note that such an association would be stronger than a quasi-colocation assumption in [2] and similar to the antenna port definition in [1].
Observation 1: NB-IoT UEs cannot use LTE CRS for channel estimation without specification support.
Observation 2: The PRB index and the relative power offset between NB-RS REs and LTE CRS REs can be signaled in the NB-MIB, the system information, or via dedicated RRC signaling.

Observation 3: The association between LTE CRS antenna ports and NB-RS antenna ports would be stronger than a quasi-colocation assumption and similar to the antenna port definition in TS 36.211.
4 Conclusion

In this contribution, we present our view on the NB-IoT reference signal design. The following is proposed:
Proposal 1: The NB-RS pattern is a time-domain shifted version of the LTE CRS design with the same density per NB-RS antenna port as the corresponding LTE CRS antenna port as depicted in Figure 1.
Proposal 2: NB-RS is identical to LTE CRS except for the time/frequency resource pattern.

Proposal 3: RAN4 performance requirements should be defined solely on the assumption that NB-RS is used for demodulation.

Observation 1: NB-IoT UEs cannot use LTE CRS for channel estimation without specification support.
Observation 2: The PRB index and the relative power offset between NB-RS REs and LTE CRS REs can be signaled in the NB-MIB, the system information, or via dedicated RRC signaling.

Observation 3: The association between LTE CRS antenna ports and NB-RS antenna ports would be stronger than a quasi-colocation assumption and similar to the antenna port definition in TS 36.211.
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