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1 Introduction
In RAN1#83 meeting [1], the following working assumption was made regarding to transmission scheme for NB-IoT:
· 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 transmission scheme and reference signal design for NB-IoT and reveal our preference and proposals.

2 Transmission scheme for NB-IoT
It has been agreed that NB-IoT needs to support extreme coverage up to MCL 164dB. Considering the frequency diversity is not likely to be obtained due to the small bandwidth, it is important to gain diversity from spatial domain. The SFBC has been well developed in LTE since Rel-8. It is nature and straightforward to employ SFBC scheme for multiple transmit antennas transmission. 

Proposal #1: Confirm the following 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

To avoid increasing UE’s complexity on channel estimation, we prefer to not support more than 2 DL TX antenna ports. Furthermore, the number of supported transmission modes should be kept as minimal.
Proposal #2: NB-IoT supports operation up to 2 DL tx antenna ports; and
· Only TM1 is supported with 1 DL tx antenna port; and

· Only TM2 is supported with 2 DL tx antenna ports. 

Proposal #3: Only cell-specific reference signal is defined in NB-IoT for all operating modes.
3 Reference signals for in-band operating mode
For NB-IoT in-band operation, since the LTE CRS will be always transmitted. In general, they can be applied for NB-IoT device as its phase reference for demodulation as long as the CRS sequence can be acquired. The CRS sequence generation needs the PRB index that is applied for NB-IoT deployment. This information can be indicated by MIB. Therefore at the time of NB-PDCCH and NB-PDSCH demodulation, the CRS can be applied as the phase reference. To avoid additional pilot overhead, we prefer not to introduce additional RS for NB-PDCCH and NB-PDSCH.
On the other hand, since the PRB information is not available before MIB decoding, it is inevitable to introduce NB-RS for NB-PBCH subframes. The NB-RS sequence generation should be agnostic to the PRB index information and common for all operating modes.

Proposal #4: For NB-IoT in-band operation, reuse LTE CRS as the phase reference for NB-PDCCH and NB-PDSCH demodulation.
Proposal #5: For NB-IoT in-band operation, introduce NB-RS in NB-PBCH subframes as the phase reference for NB-PBCH demodulation. 
For the newly introduced NB-RS pattern, we propose to employ the staggered pilot grid as LTE CRS. Specifically, the NB-RS will be allocated in frequency domain at the same subcarrier index as legacy CRS. Further, there will be four OFDM symbols conveying NB-RS. Fig.1 (a) and (b) respectively shows the resource mapping for normal CP and extended CP in NB-PBCH subframe. This may enable some possibility for unified channel estimation with CRS/NB-RS. For example, the interpolation filter design in frequency domain can be the same for both reference signals. The sequence generation for LTE CRS can be reused here for NB-RS as well. 
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Figure 1: NB-RS pattern design for (a) normal CP; and (b) extended CP
Proposal #6: NB-RS are allocated at the same subcarrier indexes as CRS in the following OFDM symbols:
· OFDM symbols #3, #6, #10, #13 for normal CP 

· OFDM symbols #4, #5, #10, #11 for extended CP 

Proposal #7: The NB-RS sequence is generated with the same method as LTE CRS with predefined initial state
· How to define the initial state is FFS.

The operating SNR is very low for NB-IoT operated in extreme coverage scenario. In that case, the channel estimation may be inaccurate considering the low density of NB-RS (only available in NB-PBCH subframes). To improve the channel estimation thus speed up the MIB decoding, it is rational to allow power boosting for NB-RS. Though the UE may not need to know the power boosting factor, it should be noted that UE should not assume the NB-RS has the same power level as the data RE in NB-PBCH subframe. 
Proposal #8: Allow power boosting for NB-RS

4 Reference signals for guard-band/stand-alone operating mode
For a device targeted for low cost, it is preferable that operation can be unified. Though for guard-band/stand-alone operating mode it is possible to redesign the RS sequence for further optimization, this however may unnecessarily lead to additional complexity to support different processing for different modes. Further considering the tight timeline for NB-IoT standardization, it is proposed to reuse LTE CRS design as much as possible.
Proposal #9: For guard-band and stand-alone operating modes, reuse LTE CRS pattern with 2TX antenna ports for the cell-specific reference signal allocation.

· The cell specific reference signals are used as the phase reference for NB-PDCCH and NB-PDSCH demodulation

Proposal #10: For guard-band and stand-alone operating mode, the CRS sequence is generated with the same method as LTE CRS with predefined initial state
· How to define the initial state is FFS 
As we expressed the view in our companion contribution [2], it is preferred the NB-PBCH processing is the same for all operating modes for the sake of UE’s cost. The NB-RS design for guard-band and stand-alone operating would be the same as for in-band mode. 
Proposal #11: For guard-band and stand-alone operating mode, introduce NB-RS in NB-PBCH subframes as the phase reference for NB-PBCH demodulation. 

· The pattern and sequence generation of NB-RS are the same as in in-band operating mode.
5 Conclusion
In this paper, we show our view on NB-IoT transmission schemes and the corresponding reference design. The proposals are concluded as follows:
Proposal #1: Confirm the following 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

Proposal #2: NB-IoT supports operation up to 2 DL tx antenna ports; and

· Only TM1 is supported with 1 DL tx antenna port; and

· Only TM2 is supported with 2 DL tx antenna ports. 

Proposal #3: Only cell-specific reference signal is defined in NB-IoT for all operating modes.
Proposal #4: For NB-IoT in-band operation, reuse LTE CRS as the phase reference for NB-PDCCH and NB-PDSCH demodulation.
Proposal #5: For NB-IoT in-band operation, introduce NB-RS in NB-PBCH subframes as the phase reference for NB-PBCH demodulation. 
Proposal #6: NB-RS are allocated at the same subcarrier indexes as CRS in the following OFDM symbols:

· OFDM symbols #3, #6, #10, #13 for normal CP 

· OFDM symbols #4, #5, #10, #11 for extended CP 

Proposal #7: The NB-RS sequence is generated with the same method as LTE CRS with predefined initial state

Proposal #8: Allow power boosting for NB-RS

Proposal #9: For guard-band and stand-alone operating modes, reuse LTE CRS pattern with 2TX antenna ports for the cell-specific reference signal allocation.

· The cell specific reference signals are used as the phase reference for NB-PDCCH and NB-PDSCH demodulation

Proposal #10: For guard-band and stand-alone operating mode, the CRS sequence is generated with the same method as LTE CRS with predefined initial state

Proposal #11: For guard-band and stand-alone operating mode, introduce NB-RS in NB-PBCH subframes as the phase reference for NB-PBCH demodulation. 

· The pattern and sequence generation of NB-RS are the same as in in-band operating mode.
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