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1 Introduction
In the revised WID “Revised WI: NarrowBand IOT (NB-IOT)” ([1]) in RAN #70 meeting, downlink numerology was down-selected to:
· OFDMA on the downlink
· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 
In RAN1#83 meeting, the following working assumptions on downlink design were made [2]:
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.
In this contribution, we discuss transmission mode and reference signals for NB-IOT.
2 TM-RS for NB-PDCCH/NB-PDSCH
Regarding transmission mode, we propose to confirm working assumptions made in last RAN1 meeting.
· NB-IoT supports operation with more than one DL tx antenna port. 
· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC. 
Considering the tradeoff between complexity and transmission performance, two antenna ports SFBC transmission mode should be applied to all operation modes and all downlink channels. For simple description, the cell-specific RS used for channel estimation and coherent demodulation of NB-PDCCH /NB-PDSCH is called as NB-CRS.
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Figure 1 Examples of NB-PDCCH/NB-PDSCH RS pattern for normal CP
For in-band operation, in order to avoid introducing additional RS overhead, LTE CRS within NB-IoT bandwidth can be reused for NB-CRS. From the perspective of UE implementation complexity and common design for different operation modes, above NB-CRS can be further restricted to two ports LTE CRS (i.e., Port 0 and Port 1). As shown in Figure 1(a), even though four ports LTE CRS can be configured by eNB, two ports SFBC transmission is always used for NB-IoT. Further, in order for NB-IoT UEs to acquire the sequence value of LTE CRS, the configuration information of LTE CRS sequence can be indicated by NB-PBCH. The resource mapping of NB-PDCCH/NB-PDSCH is done according to the actual number of LTE CRS antenna ports indicated by NB-PBCH. Indication details carried in NB-PBCH refer to [3].
Proposal 1: For in-band operation, NB-CRS always reuses 2-port ( port 0 and port 1) LTE CRS, and NB-CRS sequence is indicated via NB-PBCH.
Common design can be considered as much as possible to reduce standardization effort. For guard-band and standalone operation, two ports LTE CRS pattern (as shown in Figure 1(b)) and the related sequence generation method can be reused for NB-CRS design. Similar to NB-PBCH-specific RS, since current LTE CRS sequence is generated according to NRBmax,DL PRBs but NB-IOT system only contains 1 PRB, the actual fragment of LTE CRS sequence used for NB-CRS should be preconfigured or indicated by NB-PBCH. Preconfiguration is preferred since indicating by NB-PBCH has no special benefit but introducing additional overhead. NB-CRS can use the same sequence truncating method as that of NB-PBCH-specific RS. For example, center part (m=NRBmax,DL-1, NRBmax,DL) or the front part (m=0,1) of LTE CRS sequence can be truncated and used for NB-PBCH-specific RS.
Proposal 2: For Guard band and Standalone operation, NB-CRS reuses 2-port LTE CRS pattern and NB-PBCH-specific RS sequence.
For guard band and standalone operation modes, backward compatibility to LTE system is not required. In order to further improve the cell search performance, NB-CRS would not be transmitted in a subframe where NB-PSS/NB-SSS locates, or NB-CRS would not be transmitted in the OFDM symbols carrying NB-PSS/NB-SSS signals only. Considering that cross-subframe channel estimation based on NB-CRS may be used, and the OFDM symbols not carrying NB-PSS/NB-SSS signals may be used for NB-PDCCH/PDSCH transmission [4], it is preferable that NB-CRS would not be transmitted in the OFDM symbols carrying NB-PSS/NB-SSS signals.
Proposal 3: For guard band and standalone operations, NB-CRS would not be transmitted in OFDM symbols carrying NB-PSS/SSS signals.
For in-band operation, if MBSFN subframes are configured, MBSFN subframes not used for MBMS transmission can be used for NB-PDCCH/NB-PDSCH transmission. For LTE MBSFN subframes, only transmission based on DMRS is supported and LTE CRS would not is transmitted. In order to ensure common NB-CRS design, when MBSFN subframes not used for MBMS transmission are used for NB-PDCCH/NB-PDSCH transmission, NB-CRS would be transmitted together with NB-PDCCH/NB-PDSCH symbols within NB-IOT narrowband.
Proposal 4: For in-band operation, when MBSFN subframes not used for MBMS transmission are used for NB-PDCCH/NB-PDSCH transmission, NB-CRS would be transmitted within NB-IoT narrowband.
3 Conclusions
In this contribution, we have discussed transmission mode and DL reference signals for NB-IOT. We make the following proposals:
Proposal 1: For in-band operation, NB-CRS always reuses 2-port ( port 0 and port 1) LTE CRS, and NB-CRS sequence is indicated via NB-PBCH.
Proposal 2: For Guard band and Standalone operation, NB-CRS reuses 2-port LTE CRS pattern and NB-PBCH-specific RS sequence.
Proposal 3: For guard band and standalone operations, NB-CRS would not be transmitted in OFDM symbols carrying NB-PSS/SSS signals.
Proposal 4: For in-band operation, when MBSFN subframes not used for MBMS transmission are used for NB-PDCCH/NB-PDSCH transmission, NB-CRS would be transmitted within NB-IOT narrowband.
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