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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

During the CR editing of 36.211 after RAN1#84, the meaning of the statements “always present” and “present without condition” were discussed. In this contribution, rather than discussing the interpretation of the agreement, we discuss advantages and drawbacks of transmitting narrowband reference signals in all subframes.
Discussion
For inband operation, the intention has been that when the PRB is not used for NB-IoT it can be reused for legacy LTE transmissions. With NRS transmitted in all subframes, reuse of the PRB is complicated since legacy UEs have no knowledge of the presence of the NRS. This could be handled by letting the NRS puncture the PDSCH in subframes where legacy UEs receive PDSCH resulting in performance degradation. UEs of Rel-13 and later could be made aware of the presence of NRS, but this would require changes in signalling in Rel-13 which is not desired. 
For guard band and stand-alone operation, there is no reuse issue, but from an energy saving and interference perspective, being able to switch off NRS is preferred
In summary, the possibility of switching off NRS should be considered. 
From a UE demodulation perspective, NRS can be switched off when there is no transmission of NPBCH, NPDDCH or NPDSCH. Some inter-subframe channel estimation could be possible for the UE if the network always switches on NRS ahead of the actual transmissions in a predetermined way.
RAN4 is also considering using NRS for UE measurements. Since common channels like NPBCH and NPDSCH carrying SIB1 are periodically transmitted, there will be periodic transmissions of NRS allowing such use. RAN4 should take this into consideration when deciding on UE measurement.
Based on this short discussion, we make the following proposal:
Proposal 1: NRS can be switched off in subframes where no transmission of NPBCH, NPDCCH and NPDSH occur.
Conclusions
Based on the discussions above, we have the following proposal:
Proposal 1: NRS can be switched off in subframes where no transmission of NPBCH, NPDCCH and NPDSH occur.
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