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1 Introduction
In RAN1#83 [1], DL transmission was discussed with the following conclusion:

Agreement:

· 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. 

Working Assumption:

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

· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC

· Can be revisited at Jan Adhoc if UE complexity issues are identified

In this contribution, we discuss the RS design for NB-IoT.
2 Discussion
To maintain the DL transmission performance, more than one DL tx antenna port shall be supported for NB-IoT and at most 2 DL tx antenna ports shall be supported to reduce the specification and implementation complexity. For simplicity, only TM with SFBC shall be supported for NB-PDSCH transmission. To align with NB-PDSCH so as to reduce the specification and implementation complexity, SFBC shall be also used for NB-PDCCH when 2 DL tx antenna ports are used. Hence the working assumption made in the last meeting shall be confirmed.
Since LTE CRS is always transmitted over the LTE system bandwidth in each non-MBSFN DL subframe, LTE CRS shall be reused for NB-IoT as much as possible at least for the in-band operation mode so as to reduce the RS overhead.  Since LTE CRS is related with Cell ID, frequency location and CRS antenna port, while Cell ID can be obtained from PSS/SSS detection, frequency location and number of antenna ports of LTE CRS shall be obtained from NB-PBCH so as to use the LTE CRS as soon as possible to detect SIB information. One simple way is to carry the explicit information for indicating the frequency location in the NB-PBCH, for example total 8 bits information field in the NB-PBCH to indicate the frequency offset and frequency relative location from the center frequency of LTE system bandwidth, as listed in the following two options.  For simplicity, the number of CRS antenna ports can be also explicitly indicated with bits field of NB-PBCH or can be implicitly obtained by detection of different scrambling sequences of NB-PBCH CRC.
· Option 1: 
· 1 bit to indicate the NB-PBCH is located at the high frequency band or the low frequency band divided by the center frequency of the LTE system bandwidth

· 7 bits to indicate the frequency offset from the center frequency of the LTE system bandwidth, while the frequency offset is scaled with half of a RB as a unit so as to reflect different RB mapping with even and odd number of total RB in the LTE system bandwidth
· Option 2:
· 1 bit to indicate the NB-PBCH is located at the high frequency band or the low frequency band divided by the center frequency of the LTE system bandwidth

· 1 bit to indicate the number of RB in the LTE system bandwidth is even or odd

· 6 bits to indicate the frequency offset from the center frequency or center RB of the LTE system bandwidth, while the frequency offset is scaled with one RB as a unit
For in-band NB-PBCH, since the frequency location of NB-PBCH in the LTE system bandwidth is unknown before receiving NB-PBCH, CRS cannot be used for the detection of NB-PBCH, which means new RS (as called NB-RS) unrelated with the LTE PRB index shall be defined for NB-PBCH.  In addition, the number of antenna ports of NB-RS can be fixed with two for simplicity or can be implicitly obtained as 1 or 2 by detection of different scrambling sequences of NB-PBCH CRC as the legacy mechanism. Whether the NB-RS in in-band operation mode can be further used for the detection of NB-PDCCH and NB-PDSCH shall be further studied by considering the balance between the RS overhead and channel estimation performance.
In order to reduce the RS overhead and UE complexity, only one type of RS is enough for guard-band and stand alone operation modes. Since NB-RS and LTE CRS are already used for in-band operation mode, either NB-RS or LTE CRS can be considered as the RS for guard-band and stand alone operation modes which depends on the design of NB-PBCH. If the mechanism of NB-PBCH for guard-band and stand-alone operation modes is the same as that for in-band operation mode, i.e. no operation mode indication in NB-SSS, NB-RS can be used for both NB-PBCH and NB-PDCCH/NB-PDSCH transmissions. Otherwise if the mechanism of NB-PBCH for guard-band and stand-alone operation modes is different from that for in-band operation mode, for example CRS sequence is predefined for NB-PBCH, LTE CRS can be considered to support both NB-PBCH and NB-PDCCH/NB-PDSCH transmissions. Otherwise, NB-RS can be used for NB-PBCH and NB-PDCCH/NB-PDSCH transmissions as well.
Based on the analysis above, we have the following proposals:
Proposal 1: Confirm the Working Assumption to support at most 2 DL tx antenna ports, and SFBC is used for DL transmission with 2 DL tx antenna ports.

Proposal 2: LTE CRS with up to 2 antenna ports shall be used for NB-PDCCH and NB-PDSCH.

Proposal 3: NB-PBCH shall carry the information to indicate the narrow band frequency location in the LTE system bandwidth and the number of LTE CRS antenna ports at least for in-band operation mode, so as to use the LTE CRS.

Proposal 4: NB-RS shall be defined at least for the detection of NB-PBCH for in-band operation mode.
Proposal 5: Only single type of RS should be defined for guard-band and stand-alone operation modes.
3 Conclusions

In this contribution, we discuss RS design for NB-IoT with the following proposals:
Proposal 1: Confirm the Working Assumption to support at most 2 DL tx antenna ports, and SFBC is used for DL transmission with 2 DL tx antenna ports.

Proposal 2: LTE CRS with up to 2 antenna ports shall be used for NB-PDCCH and NB-PDSCH.

Proposal 3: NB-PBCH shall carry the information to indicate the narrow band frequency location in the LTE system bandwidth and the number of LTE CRS antenna ports at least for in-band operation mode, so as to use the LTE CRS.

Proposal 4: NB-RS shall be defined at least for the detection of NB-PBCH for in-band operation mode.
Proposal 5: Only single type of RS should be defined for guard-band and stand-alone operation modes.
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