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1. Introduction
In RAN1 NB-IoT AdHoc, the following agreements have been made: 

Agreements:
· There are two NB-IoT donlink transmission schemes defined in all operation modes:
· Single antenna port (port 0)
· Two antenna ports (ports 0 and 1), using transmit diversity, i.e. SFBC
· No NB-IoT transmission mode is defined using any other transmission scheme
· If the number of NB-PBCH antenna port is 1, single-antenna port, otherwise transmit diversity, i.e. SFBC
· Resource mapping: frequency first, then time.
· QPSK baseline, 16-QAM FFS
· Single process HARQ for PDSCH is realized by adaptive and asynchronous timing transmission
· Channel coding: TBCC
· FFS: RV for NB-PDSCH is supported


In this contribution, we provide our view on the data channel for NB-IoT.

2. Design Considerations for NB-PDSCH
Due to the requirements of NB-IoT (large coverage enhancement, low complexity, large number of users…) some modifications have to be introduced with respect to the data channel in LTE and eMTC. In the following, we present some of these design options
· Common design with NB-PDCCH: Due to the low complexity requirements of NB-IoT, it would be desirable for UEs to have to implement a single channel estimation and demodulation mode for PDSCH and NB-PDCCH. We propose to use a new cell-specific reference signal for tracking and PDSCH demodulation. Note that adding additional signals for PDSCH demodulation (e.g. DMRS-like signals) would increase the UE complexity, cost and testing effort due to the need of implementing both transmission modes. 
Proposal 1: Consider having the same NB-RS for NB-PDSCH and NB-PDCCH. 
· Multiplexing of multiple UE and channels: The PDSCH resource allocation has to be flexible enough to multiplex multiple UE simultaneously (to reduce the delay) and to be multiplexed with the control channel due to the long repetitions expected for both channels (to be able to schedule uplink while the PDSCH is being transmitted). To do this, the resource allocation unit has to be less than 1RB. To enable successful multiplexing of control and data, both channels should use the same resource allocation unit for both channels. We propose to reuse the PDCCH CCE as resource allocation unit for PDSCH (e.g., a UE can be allocated 1 o 2 CCE in a subframe for PDSCH). The multiplexing between data and control can be semi-statically configured (e.g. in SIB) or can be dynamically indicated in the DCI: a UE would blindly decode NB-PDCCH in some CCE, and will receive an indication in the DCI of the REG to be used for PDSCH.
Proposal 2: Allow multiplexing of multiple channels in 1RB, e.g. multiplexing of multiple PDSCH transmissions, and multiplexing of NB-PDCCH and PDSCH.
· Large transport block sizes: The reduced number of RE available for NB-IoT, especially for in-band deployments, would create a very tight limit on the transport block size that can be transmitted over PDSCH. This has the problem of large overhead (CRC and associated NB-PDCCH), which is not desirable. We propose to introduce cross-subframe coding by the introduction of new redundancy versions (RV). For example, following legacy LTE, only four RV are transmitted even when the number of repetitions is large (e.g. 128 repetitions). This number should be increased in NB-IoT to accommodate the transmission of large transport blocks. 
Proposal 3: Enable transmission of large transport blocks by applying cross-subframe coding.

3. Transmission details for in-band with 4 Tx antennas
NB-IoT supports transmission with up to 2 antenna ports with SFBC. For in-band deployment, the eNB might have 4Tx antennas. In order to transmit with full power, the 4 physical antennas have to be mapped to two antenna ports. If CRS is to be used together with NB-CRS for demodulation of downlink physical channels, then this mapping has to be known by the UE to combine the channel estimates. An example of antenna virtualization is shown in Figure 1.


Figure 1 Virtualization from CRS ports to NB-CRS ports.

Proposal 4: Apply antenna virtualization to map 4 physical transmit antennas to 2 antenna ports for PDSCH transmission.

4. Control-less downlink data transmission
For IoT applications the data transmission usually contains a small number of bytes (e.g. alarm information, measurement, or some short commands). Thus, transmitting a control channel associated with a short data packet might incur in a very large overhead. It is desirable to have the possibility of transmitting a data packet without any control associated with it. Also, note that it is agreed to use TBCC for all downlink channels, so the data and control channels are sharing the coding scheme.
In order to achieve this control-less data transmission effectively and with a reasonable complexity, some constraints have to be introduced in the data transmission. 
· Keep transport block to have same size as DCI: A UE would monitor a single payload size (otherwise the UE would need to perform additional blind decodings). Data and control can be differentiated by having a different redundancy check (e.g. data having a CRC of different size, or same size but different RNTI).
· Reduced MAC header: Some fields, like logical channel ID, reserved, etc. can be removed from the MAC header to reduce the overhead of data transmitted over NB-PDCCH.
Proposal 5: Allow transmission of data directly over the control channel to avoid large overhead for small payload sizes.

5. Conclusion
Proposal 1: Consider having the same NB-RS for NB-PDSCH and NB-PDCCH. 
Proposal 2: Allow multiplexing of multiple channels in 1RB, e.g. multiplexing of multiple PDSCH transmissions, and multiplexing of NB-PDCCH and PDSCH.
Proposal 3: Enable transmission of large transport blocks by applying cross-subframe coding.
Proposal 4: Apply antenna virtualization to map 4 physical transmit antennas to 2 antenna ports for PDSCH transmission.
Proposal 5: Allow transmission of data directly over the control channel to avoid large overhead for small payload sizes.
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