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1. Introduction
In RAN1#83, the following agreements have been made: 

Agreements:
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 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. As presented in our companion contribution [1], 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. 
· The SFBC scheme proposed for PDSCH has some problems when coexisting with other signals and channels in the same RB, and some additional complexity at the UE side is needed to process it. One main restriction is that the RE have to be assigned in pairs (SFBC needs two RE always), thus reducing the flexibility of resource mapping. We propose to have NB-CRS-based demod with precoder cycling for both control and data. The value of the precoders can be fixed in the spec or in SIB, such that the UE can estimate the precoded channel from the NB-CRS tones.
Proposal 1: Consider having the same channel estimation and demodulation for PDSCH and NB-PDCCH based on NB-CRS pilots. Precoder cycling is preferred over SFBC.
· 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 define, similarly to PDCCH and EPDCCH, a new set of resource element groups for NB-IoT (NB-REG). Note that the current REG/EREG definition cannot be directly reused to carry PDSCH and NB-PDCCH, as EREG do not use the DMRS tones (which will be used for PDSCH data) and REG are defined only for the first OFDM symbols. If precoder cycling is adopted as the unique transmission mode supported by NB-IoT, an EREG-like definition can be followed; if SFBC is selected, then the NB-REG has to provide pairs of RE to perform the space-frequency coding, so the NB-REG can be constructed following a similar approach as PDCCH REG. 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 REG, 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 NB-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. 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 4: Allow transmission of data directly over the control channel to avoid large overhead for small payload sizes.

4. Summary 
In summary, we propose the following for NB-PDSCH:
Proposal 1: Consider having the same channel estimation and demodulation for PDSCH and NB-PDCCH based on NB-CRS pilots. Precoder cycling is preferred over SFBC.
Proposal 2: Allow multiplexing of multiple channels in 1RB, e.g. multiplexing of multiple PDSCH transmissions, and multiplexing of NB-PDCCH and NB-PDSCH
Proposal 3: Enable transmission of large transport blocks by applying cross-subframe coding.
Proposal 4: Allow transmission of data directly over the control channel to avoid large overhead for small payload sizes.
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