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[bookmark: _Ref409106980]Introduction
In this contribution we discuss DL reference signals for NB-IoT. In general we propose maximum reuse of existing LTE reference signals.
General principles
 As stated in the WID [1], NB-IoT will support the following modes of operation:
1. ‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2. ‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 
3. ‘In-band operation’ utilizing resource blocks within a normal LTE carrier
Since the complexity of the UE should be minimized, advanced multi-antenna techniques which highly depend on UE-specific reference signals are not considered. When operating in-band, for backwards compatibility legacy CRS will be present also in the PRBs allocated to NB-IoT. Hence, in order to avoid increasing the RS overhead in the inband case, reuse of the legacy CRS for demodulation of NB-IoT channel is proposed. Also, maximum commonality between the operation modes should be strived for. Therefore, the same resource element mapping as for legacy CRS should be used also for the guard band and stand-alone operation modes. Also the sequences should be reused in all operation modes. For the guard band and stand-alone mode, the reference signal sequence in the NB-IoT is the same as the legacy LTE reference signal sequence mapped to the 12 sub-carriers around the DC carrier. 
Typical LTE deployments use two CRS ports in the DL. Even though four CRS ports have been specified, for deployments with more than two TX-antennas, superior performance is achieved using UE-specific RS for demodulation and the number of CRs ports can still be two. Therefore, we do not see a need to support more than two CRS ports for NB-IoT.
Based on this we make the following proposals:
Proposal 1: For demodulation of NB-PDSCH and NB-PDCCH, common reference signals are used with the same mapping and sequences as legacy LTE CRS. The reference signals are common for all operation modes. 
Proposal 2: Up to two CRS ports are supported for NB-IoT.
Additional RS
In certain cases additional reference signals are needed.
PBCH
Legacy LTE CRS are mapped from the center of the carrier and outwards to the edges of the carrier. This means that with no prior knowledge of which PRB that is used for NB-IoT, the code phase of the CRS is unknown to the UE. Therefore, the legacy CRS cannot be used for demodulation until the UE knows which PRB it is camping on. The solution to this is to provide additional reference signals for the decoding of the PBCH and provide information in the MIB on which PRB this is as discussed in [2]. These additional reference signals are only present in subframes where the NB-PBCH is transmitted.
NB-PDCCH and NB-PDSCH in in-band operation
Due to the sharing of PA power between LTE and NB-IoT in the in-band mode, the PSD of the PRB will be less in these operation modes than in the stand-alone operation mode also decreasing the energy per resource element for the CRS. In order to provide sufficient channel estimation performance at very high MCL, additional resource elements can be added to subframes containing NB-PDCCH and NB-PDSCH[3]. These additional reference signals can share the same resourcing mapping format as the additional reference signals used for initial decoding of the PBCH. 
Based on above, we propose:
Proposal 3: Additional common reference signals are defined for demodulation of PBCH and better channel estimation for NB-PDCCH and NB-PDSCH in high MCL cases.
TX-diversity support
 IN RAN1#83, a working assumption was made on the following:
· NB-IoT supports operation with more than one DL TX antenna port
· For operation with 2 DL TX antenna ports, NB-IoT uses SFBC

Since SFBC provides gains with low complexity, we suggest confirming the working assumption. No additional TX-diversity scheme is needed meaning that there are only two transmission modes; Single antenna port and two antenna ports.

Proposal 4: Confirm working assumption to support operation with more than one TX antenna port and that for two TX antenna ports, only SFBC is used. 


[bookmark: _GoBack]Further discussion is needed on how to support SFBC for NB-PDCCH[4].

Conclusions
Base on the discussions above, we have the following proposals:
Proposal 1: For demodulation of NB-PDSCH and NB-PDCCH, common reference signals are used with the same mapping and sequences as legacy LTE CRS. The reference signals are common for all operation modes. 
Proposal 2: Up to two CRS ports are supported for NB-IoT.
Proposal 3: Additional common reference signals are defined for demodulation of PBCH and better channel estimation for NB-PDCCH and NB-PDSCH in high MCL cases. 
Proposal 4: Confirm working assumption to support operation with more than one TX antenna port and that for two TX antenna ports, only SFBC is used.
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