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An open issue for NB-IoT is what downlink transmission schemes to support considering the requirement of ultra-low complexity on the UEs. Some preliminary discussions took place at RAN1 #83 and the following working assumption was made:
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 transmission schemes (modes) that are supported by NB-IoT. The reference signal design which is tightly connected with transmission mode is discussed in our companion contribution [1].
DL TxD in standalone mode
Single downlink transmit antenna was assumed for the performance evaluations in the standalone operation mode where GSM refarming was the main target. Reusing the RF component of the existing GSM base station is basically required by standalone operation mode. In existing GSM networks, two transmit antennas or more are widely equipped by the base station. Therefore, it is natural to enjoy the transmit diversity also for the NB-IoT system in standalone operation mode when two transmit antennas are available. In this case the same Tx diversity scheme would be applied for all three operation modes (i.e. standalone, guard-band and in-band) to reduce the UE complexity.
Proposal 1: Transmit diversity is supported when two or more downlink antenna ports are configured. 
SFBC vs. Precoder-cycling
Two types of transmit diversity schemes are supported by existing LTE networks: SFBC and precoder-cycling (also known as random beam-forming) when more than one transmit antennas are available. SFBC or SFBC+FSTD is widely applied to PBCH, legacy PDCCH and PDSCH in TM2 while precoder-cycling is introduced for EPDCCH distributed transmission (including for eMTC).
It is commonly understood during EPDCCH and M-PDCCH design that SFBC outperforms precoder-cycling with respect to link-level performance (see [2][3]). The reasons why precoder-cycling was selected for EPDCCH/M-PDCCH include:
· SFBC requires RE pairing so that the existence of the orphan REs will lead to performance degradation.
· Transparent precoding scheme has been introduced since Release 10, so precoder-cycling can be smoothly supported by Release 11 or afterward UEs.
The motivations do not hold anymore for NB-IoT. The orphan RE problem for EPDCCH is mainly due to the odd number of subcarriers used by DMRS in case no more than 2 DMRS ports. In NB-IoT, no LTE DMRS will be transmitted and we can design the NB-IoT dedicated RS to completely avoid the problem.
Transparent precoding is not necessarily supported by NB-IoT considering the ultra-low complexity requirement for the UE.
On the other hand, the visible performance gain of SFBC over precoder cycling will be highly desired and can effectively reduce the number of repetitions.
Proposal 2: Confirm the working assumption that for operation with 2 DL tx antenna ports, NB-IoT uses SFBC. 
Transmission modes
There are ten downlink transmission modes defined in LTE Rel-11. It is desirable to only support a very limited set of transmission modes for NB-IoT considering the ultra-low UE complexity requirement. Reduction of TM support also eliminates the corresponding DCI format and CSI reporting format, resulting in complexity reduction for both eNodeB and UE. The transmission mode is also tightly connected with the reference signal design. As shown in our companion contribution [1], NB-IoT DL reference signals based on the LTE CRS are proposed for all the three operation modes (a new reference signal is also added for some in-band cases of NB-PBCH and NB-PDSCH). Therefore, the same set of transmission schemes, i.e., single antenna transmission and SFBC, can be applied to all the three operation modes. No transmission mode employing other than the two transmission schemes needs be supported by NB-IoT. There would be no dependency on the TM for the DCI format design as no considerable difference is foreseen for the dynamic information required by different transmission modes. 
One open issue is what transmission scheme is applied if more than two transmit antenna ports are available at the eNodeB. To keep the low UE complexity, SFBC can be still used based on two selected transmit antenna ports among all available antenna ports. The antenna selection could be fixed or altered between a number of subframes to harvest more diversity gain. The alternation should be transparent to UE if supported.
Proposal 3: The downlink transmission modes supported by NB-IoT in all operation modes employ either single antenna port transmission or two transmit antenna ports transmission based SFBC. 

[bookmark: _Ref129681832]Conclusions
In this contribution, the transmission modes that are supported by NB-IoT DL are discussed and the following proposals are made:
Proposal 1: Transmit diversity is supported when two or more downlink antenna ports are configured.
Proposal 2: Confirm the working assumption that for operation with 2 DL tx antenna ports, NB-IoT uses SFBC.
Proposal 3: The downlink transmission modes supported by NB-IoT in all operation modes employ either single antenna port transmission or two transmit antenna ports transmission based SFBC.
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