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Introduction
In this contribution, we consider downlink reference signal design for NB-IoT.
2

Downlink Reference Signal Design
In RAN1#83, the following working assumptions were agreed –

· NB-IoT supports operation with more than one DL tx antenna port

· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC
For stand-alone operation using existing GSM infrastructure, only one DL transmit antenna port is supported. However, for in-band and guard-band operation with LTE, the typical operation is to use at least two antenna ports. Having more than one antenna ports provides significant transmit diversity gain, especially for devices with limited mobility. In addition, SFBC provides a simple but effective scheme for achieving transmit diversity gain. Therefore, it proposed to confirm the working assumption.
Proposal 1: Confirm the working assumption that NB-IoT supports operation with more than one DL transmit antenna port and for operation with 2 DL transmit antenna ports, NB-IoT uses SFBC.
Based on these working assumptions, the number of antenna ports should be defined. To avoid additional overhead and reduce UE complexity, it is proposed that up to 2 antennas ports are supported for NB-IoT. In case more than 2 transmit antennas are available at the eNB, transparent techniques (e.g. CDD) can be used to obtain additional transmit diversity. Note that in LTE, SFBC + FSTD can be used with 4 antenna ports. However, it is not necessary to support this scheme as similar performance can be obtained with a transparent scheme.
Proposal 2: Support 1 and 2 antenna ports for NB-IoT.
Since SFBC is used for operation with 2 downlink antenna ports, only cell specific reference signals are needed. For the NB-PDCCH, if the design is based on the EPDCCH, then DMRS would be required. However, we propose an alternative design in [1] where the NB-PDCCH is based on the PDCCH. This design has better performance as SFBC performs better than precoder cycling and does not require additional DMRS overhead. Therefore, it is proposed that only cell specific reference signals are used in the downlink. 
Proposal 3: Support only cell specific reference signals for the downlink.
Stand-alone/guard-band operation
For stand-alone/guard-band operation, LTE CRS design is a good baseline for NB-IoT CRS. The LTE CRS provides periodic reference signals in both frequency and time. It works well even in high mobility (e.g. vehicular speeds) and there would be no need to define new CRS patterns. In addition, the UE can reuse the same channel estimation algorithm from LTE. An example of the NB-IoT CRS mapping for normal cyclic prefix is shown in Figure 1.
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Figure 1. NB-IoT CRS mapping for stand-alone and guard-band operation. 
Therefore, for stand-alone/guard-band operation, it is proposed to reuse the existing LTE CRS design of up to two antennas ports. 
Proposal 4: In stand-alone and guard-band operation, reuse LTE CRS design for NB-IoT CRS.
UEs can use NB-IoT CRS for demodulation of NB-PDCCH and NB-PDSCH. For the NB-PBCH, if operation differentiation is done via the synchronization signals, then UEs can also use NB-IoT CRS for NB-PBCH demodulation. Otherwise, a new cell-specific reference signals would be required as discussed below.

In-band operation
For in-band operation, legacy LTE CRS is available. However, it may not be possible to boost the LTE CRS power to be the same as for data transmission since LTE CRS boosting may be limited and must be done for all CRS REs. This would degrade performance for users in very poor conditions. However, it has been shown that the number of users in very poor conditions is quite small [2]. For the majority of the users, LTE CRS would be sufficient. For UEs in very poor conditions, it can be for further study whether additional CRS would be beneficial. Thus, it is proposed that, for in-band operation, NB-IoT uses LTE CRS (up to 2 antenna ports) for demodulation of NB-PDCCH and NB-PDSCH.
Proposal 5: For in-band operation, NB-IoT uses LTE CRS (up to 2 antenna ports) for demodulation of NB-PDCCH and NB-PDSCH.
Furthermore, it was agreed in RAN1#83 that, for in-band operation, it shall be possible for NB-IoT UE to decode NB-PBCH without knowing the legacy PRB index, i.e. a single fixed predefined PRB location NB-IoT is precluded. As a result, additional CRS would be required for NB-PBCH demodulation. Therefore, it is proposed that NB-IoT N-CRS is used for NB-PBCH demodulation at least for in-band operation. 

Proposal 6: At least for in-band operation, define a new cell-specific reference signal N-CRS for demodulation of NB-PBCH.
The design of the N-CRS is illustrated in Figure 2. The resource elements for N-CRS are placed in OFDM symbols not containing the CRS to provide greater N-CRS boosting potential and also to provide channel estimates from different OFDM symbols. The frequency placement of the N-CRS can follow the same principle as for legacy CRS. Link-level analysis of the NB-PBCH based on the N-CRS is provided in [3].
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Figure 2. NB-IoT CRS mapping for in-band operation.
Note that the N-CRS can also be used as additional reference signals for demodulation of NB-PDCCH and NB-PDSCH. In case the device is in very poor radio conditions, the network may transmit additional reference signals since it has limited ability to boost the LTE CRS.  Therefore, it should be studied further whether it would be beneficial to use the N-CRS in this manner.
Proposal 7: It is FFS whether N-CRS can also be used as additional reference signals for NB-PDCCH and NB-PDSCH (e.g. for UEs in very poor radio conditions).
Table 1 lists cell-specific reference signals to be used for different downlink channels. 
Table 1. Cell-specific reference signals for different downlink channels.
	Downlink Channel
	Mode of operation

	
	Stand-alone and guard-band
	In-band

	NB-PBCH
	NB-IoT CRS or NB-IoT N-CRS
(depends on whether operation mode indication is from synchronization signals or MIB)
	NB-IoT N-CRS

	NB-PDCCH
	NB-IoT CRS
	LTE CRS

	NB-PDSCH
	NB-IoT CRS
	LTE CRS


3
Conclusion
In this contribution, we consider downlink reference signal design and make the following proposals –

Proposal 1: Confirm the working assumption that NB-IoT supports operation with more than one DL transmit antenna port and for operation with 2 DL transmit antenna ports, NB-IoT uses SFBC.
Proposal 2: Support 1 and 2 antenna ports for NB-IoT.
Proposal 3: Support only cell specific reference signals for the downlink.
Proposal 4: In stand-alone and guard-band operation, reuse LTE CRS design for NB-IoT CRS.
Proposal 5: For in-band operation, NB-IoT uses LTE CRS (up to 2 antenna ports) for demodulation of NB-PDCCH and NB-PDSCH.
Proposal 6: At least for in-band operation, define a new cell-specific reference signal N-CRS for demodulation of NB-PBCH.
Proposal 7: It is FFS whether N-CRS can also be used as additional reference signals for NB-PDCCH and NB-PDSCH (e.g. for UEs in very poor radio conditions).
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