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1 Introduction
NB-IoT shall support a massive number of low cost devices with extended coverage and low power consumption for MTC applications. NB-IoT supports three operation mode, i.e. in-band operation, guard band operation and standalone operation. In this contribution, we discuss the reference signal design for NB-IoT. 
2 RS for NB-PBCH in-band NB-IoT operation
In LTE, a UE demodulates the PBCH via CRS. By detecting the PSS and SSS, a LTE UE obtains the PCID of a cell and the CRS sequence and its time-frequency location is derived from the PCID. Therefore, a LTE UE can directly use CRS to demodulate the PBCH.

For in-band NB-IoT operation, the legacy CRS is transmitted in the LTE carrier. Since the RF and baseband bandwidth of a NB-IoT UE is only 180kHz, the NB-IoT UE cannot detect the legacy PSS/SSS and consequently cannot obtain the PCID of the LTE carrier. Assuming NB-PBCH is transmitted in a 180kHz frequency resource within the LTE carrier, the following methods can be considered as the demodulation reference signal design for NB-PBCH.

Method 1: Designing a new demodulation reference signal for NB-PBCH

Assuming the location of the 180kHz frequency resource used for NB-PBCH transmission is not known by the NB-IoT UE before NB-PBCH demodulation, the NB-IoT cannot utilize the legacy CRS for NB-PBCH demodulation. Therefore, a new demodulation reference signal shall be designed for NB-PBCH. The new NB-PBCH RS shall avoid the REs used by the legacy CRS and other legacy channels (e.g. PDCCH, PSS/SSS, PBCH, etc.).  
Method 2: Reusing legacy CRS for NB-PBCH demodulation

If the frequency location of the NB-PBCH transmission within the LTE carrier and the LTE carrier PCID are known to a NB-IoT UE before the NB-PBCH demodulation, the NB-IoT UE could reuse the legacy CRS for NB-PBCH demodulation. For in-band NB-IoT operation, it is possible to mandate that the NB-IoT PCID (i.e. the PCID derived from NB-SSS) is the same as that of the legacy LTE carrier. This is an effective way to reduce the cell planning efforts for in-band NB-IoT operations. For the frequency location within the LTE carrier for NB-PBCH transmission, it is also possible to have a fixed frequency location for such NB-PBCH transmission. In [1], it is analyzed that having only one 180kHz frequency resource (as anchor carrier) within a LTE carrier for NB-PBCH transmission is beneficial from the aspects of reduced system overhead, more efficient of load balancing, and reduced NB-PRACH collision. Allowing reusing legacy CRS for NB-PBCH and thus avoiding new demodulation reference signal design/overhead is another advantage of having only one 180kH frequency resource within a LTE carrier for NB-PBCH transmission. Therefore, we have the following proposal:

Proposal 1: For in-band NB-IoT operation, legacy CRS is used for NB-PBCH demodulation.

· The PCID derived from NB-SSS transmitted within a LTE carrier is the same the PCID derived from the legacy PSS/SSS of the LTE carrier;

· The frequency location of the 180kHz used for NB-PBCH transmission within a LTE carrier is fixed, irrespective of the LTE carrier bandwidth.  

Figure 1 shows an example of Method 2, wherein the NB-PBCH is transmitted on REs with indices 
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 in the legacy LTE carrier. It is noted that in order for the NB-IoT UE to derive the legacy CRS sequence and frequency location within REs 
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 shall be defined in reference to a LTE carrier of system bandwidth 
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Figure 1: Illustration of Method 2 for NB-PBCH transmission
3 RS for NB-PBCH guard band and standalone NB-IoT operation

In section 2, it is proposed that legacy CRS is used for NB-PBCH demodulation in the in-band NB-IoT operation mode. For guard band and standalone operation, it is even easier to use legacy CRS for NB-PBCH demodulation. This is due to the fact with for guard band and standalone NB-IoT operation, there is no underlying LTE carrier covering the same 180kHz spectrum used by NB-IoT.

In case the NB-SSS can differentiate the NB-IoT operation mode, e.g. in-band vs. guard band/standalone operation, the CRS sequence in the guard band and standalone operation can be explicitly defined, i.e. using the NB-IoT PCID to determine the CRS RE location (i.e. frequency shift) and then defining a CRS sequence which is initialized by the NB-IoT PCID.
In case the NB-SSS cannot differentiate the NB-IoT operation mode, then the CRS sequence for NB-PBCH demodulation shall be common for all NB-IoT operation modes. In other words, the CRS sequence by taking a fixed segment from the legacy LTE CRS shall be used in all three NB-IoT operation modes. A NB-IoT UE may derive the frequency shift of the CRS based on the NB-IoT PCID.

In order to have a common design on the reference signal for NB-PBCH demodulation in all three NB-IoT operation modes, it is preferable to adopt the same CRS sequence from the in-band NB-IoT operation for guard band and standalone NB-IoT operation as well.  
Proposal 2: Same CRS sequence for NB-PBCH demodulation in in-band, guard band, and standalone NB-IoT operations. A NB-IoT UE shall derive the frequency shift of the CRS using the NB-IoT PCID, i.e. the one derived from NB-SSS.   
4 RS for NB-PDCCH and NB-PDSCH
It is reasonable to only support CRS based transmission schemes for NB-IoT in Rel-13, considering the time constraint as well as the objective of low cost devices. Therefore, it is necessary that a NB-IoT UE knows the CRS sequence and frequency shift within the 180kHz spectrum in which the NB-IoT UE monitors NB-PDCCH and NB-PDSCH.

In [1], it is proposed that a set of frequency resources for NB-PRACH transmission is signalled in a NB-SIB, and a NB-IoT UE selects one of the NB-PRACH frequency resources for its NB-PRACH transmission based on its RSRP measurement. This is analogous to Rel-13 eMTC design. In addition, the 180kHz frequency resource used by the NB-IoT to monitor NB-PDCCH and NB-PDSCH during the RACH procedure can be also broadcast in a NB-SIB, still analogous to Rel-13 eMTC. Information about the CRS sequence and frequency shift within the 180kHz used by possible NB-PDCCH and NB-PDSCH transmission during the RACH procedure can also be included in a NB-SIB.

Upon completion of the RACH procedure of the NB-IoT UE, the network can assign another 180kHz frequency resource to the NB-IoT UE to receive further NB-PDCCH and NB-PDSCH, e.g. via RRC signaling. Then information about the CRS sequence and frequency shift within the new 180kHz for NB-PDCCH and NB-PDSCH can be included in the dedicated RRC signalling to the NB-IoT UE.

Proposal 3: CRS is used for NB-PDCCH and NB-PDSCH demodulation.
· For NB-PDCCH and NB-PDSCH demodulation during the RACH procedure, information of the CRS sequence and frequency shift within a 180kHz is broadcast in a NB-SIB.

· For NB-PDCCH and NB-PDSCH demodulation after the RACH procedure, information of the CRS sequence and frequency shift within a 180kHz can be signalled to a NB-IoT UE via dedicated RRC signalling.
5 Conclusions
In this contribution, we discuss the reference signals for NB-IoT downlink channels, i.e. NB-PBCH, NB-PDCCH, and NB-PDSCH. The following proposals are provided:
Proposal 1: For in-band NB-IoT operation, legacy CRS is used for NB-PBCH demodulation.

· The PCID derived from NB-SSS transmitted within a LTE carrier is the same the PCID derived from the legacy PSS/SSS of the LTE carrier;

· The frequency location of the 180kHz used for NB-PBCH transmission within a LTE carrier is fixed, irrespective of the LTE carrier bandwidth.  

Proposal 2: Same CRS sequence for NB-PBCH demodulation in in-band, guard band, and standalone NB-IoT operations. A NB-IoT UE shall derive the frequency shift of the CRS using the NB-IoT PCID, i.e. the one derived from NB-SSS.   

Proposal 3: CRS is used for NB-PDCCH and NB-PDSCH demodulation.

· For NB-PDCCH and NB-PDSCH demodulation during the RACH procedure, information of the CRS sequence and frequency shift within a 180kHz is broadcast in a NB-SIB.

· For NB-PDCCH and NB-PDSCH demodulation after the RACH procedure, information of the CRS sequence and frequency shift within a 180kHz can be signalled to a NB-IoT UE via dedicated RRC signalling.
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