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[bookmark: _Ref409106980]Introduction
In this contribution we discuss DL reference signals for NB-IoT. In the RAN1 adhoc on NB-IoT in Budapest it was agreed that:
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
1. NB-RS is present without condition
. Stand-alone and guard-band operations
2. Only NB-RS is used

In this contribution we propose mapping and sequence of NB-RS and discuss the need for utilization of LTE CRS.
NB-RS 
Mapping
A reference signal mapping for reference signals for NB-PBCH demodulation was already proposed in [1] and we propose to use this mapping for NB-RS. The proposed mapping for the two antenna ports of NB-RS is shown in Figure 1 where antenna ports 0 and 1 are mapped to the penultimate and last OFDM symbols of the slot alternately in the frequency domain.


[bookmark: _Ref442368620]Figure 1 NB-RS pattern example


Again similar to LTE CRS, a cell-specific frequency shift is added to the reference signal positions with the shift equal to where is the NB-IoT cell-ID. For the inband case, we propose to mandate the NB-IoT cell-ID to be the same as the legacy cell ID, or at least to result in the same cell specific shift for the NB-RS as for the LTE CRS so that the LTE CRS positions are known from the NB-IoT cell-ID. 
Proposal 1: For NB-RS adopt the pattern as shown in Figure 1 

Proposal 2: A cell-specific frequency shift is added to the reference signal position with a shift equal to 
Proposal 3: For the inband case, the NB-IoT cell-ID is the same as the legacy LTE cell-ID. 
Sequence
We suggest using the similar sequence generation for NB-RS as for LTE CRS port defined in 36.211;


This creates a sequence that extends to the full LTE system bandwidth. For the in-band case this wideband sequence is still useful in order to avoid RS interference between PRBs, but this creates a dependency between the NB-RS sequence and the PRB used which is undesired during initial access to the cell. Hence, we propose to use the center of the legacy sequence for stand-alone and guard band operation modes and for any anchor PRB in in-band mode. Here, anchor PRB means a PRB containing NB-PSS, NB-SSS and NB-PBCH transmitted on the 100 kHz frequency raster. For any other PRB in the in-band operation mode, the RS sequence is PRB dependent.
Proposal 4: The LTE CRS reference-signal sequence is reused for NB-RS 
Proposal 5: In stand-alone and guard band operation modes and for any anchor PRB in the in-band operation mode, the middle of the LTE CRS sequence is used to avoid PRB dependence 
Proposal 6: For non-anchors PRBs in in-band operation mode, the NB-RS reference signal sequence varies across PRBs
Utilization of LTE CRS
As discussed in the Budapest adhoc, LTE CRS can potentially be used to enhance the performance of NB-PDCCH and NB-PDSCH in bad coverage scenarios. It is proposed that this is discussed in RAN4 when setting the performance requirements. 
With the introduction of DRS in Rel-12, CRS are not necessarily always present. Hence a NB-IoT UE should not make any assumption on the presence of CRS unless indicated by the network.
Proposal 7: Utilization of LTE CRS for demodulation of PDCCH and NB-PDSCH is left to RAN4 
Proposal 8: A NB-IoT should not make any assumption on the presence of CRS unless indicated by the network.
Conclusions
Base on the discussions above, we have the following proposals:
Proposal 1: For NB-RS adopt the pattern as shown in Figure 1 

Proposal 2: A cell-specific frequency shift is added to the reference signal position with a shift equal to 
Proposal 3: For the inband case, the NB-IoT cell-ID is the same as the legacy LTE cell-ID. 
Proposal 4: The LTE CRS reference-signal sequence is reused for NB-RS 
[bookmark: _GoBack]Proposal 5: In stand-alone and guard band operation modes and for any anchor PRB in the in-band operation mode, the middle of the LTE CRS sequence is used to avoid PRB dependence
Proposal 6: For non-anchors PRBs in the in-band operation mode, the NB-RS reference signal sequence varies across PRBs
Proposal 7: Utilization of LTE CRS for demodulation of PDCCH and NB-PDSCH is left to RAN4 
Proposal 8: A NB-IoT should not make any assumption on the presence of CRS unless indicated by the network.
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