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1. Introduction
At RAN#69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. NB-IoT should support three different modes of operation, i.e., standalone operation, guard-band operation, and in-band operation. In this contribution, we discuss several design consideration in the downlink data transmission.

2. NB-PDSCH Resource Multiplexing 
In this part, advantage of sub-PRB based transmission is discussed, i.e., resource allocation with less than 12 subcarriers in 1 PRB. 
In [3], it was observed that in some scenarios the sub-PRB based transmission shows enhanced coverage performance compared to full-PRB based transmission (resource allocation with all 12 subcarriers), when the effective code rate of both cases are the same. Although sub-PRB based transmission gets less frequency diversity gain compared to full-RB based transmission, more time diversity gain can be obtained as the packet duration of sub-PRB based transmission is longer than that of full-PRB case with the same effective code rate.

In addition, sub-PRB transmission is very beneficial to allow better UE multiplexing and scheduling flexibility. It is also attractive to enable eNB boosting the power to a certain UE with sub-PRB allocation, which can further extend the coverage. 
Observation 1: Sub-PRB transmission is beneficial for scheduling flexibility. 
Proposal 1: For NB-PDSCH, support scheduling assignment with less than 1 PRB (i.e., less than 12 subcarriers). 
3. Multiple PRB Operation
The allocation of multiple PRBs can be beneficial in terms of resource utilization and frequency diversity. The performance gain by applying frequency hopping across multiple 200 kHz channels was studied in [4] and the benefits of deployment scenario with multiple 200 kHz channels are described in the TR45.820 [5]. Similarly, the NB-IoT system can also be deployed with multiple PRBs, to provide scalable capacity. Applying frequency hopping across multiple PRBs can provide more interference randomization and furthermore can provide increased diversity gain with sufficiently separated PRBs.
Observation 2: Multiple PRB support is beneficial in terms of system deployment flexibility and resource utilization. 
Proposal 2: The NB-IoT system design needs to consider at least the forward compatibility of the support of operation with multiple PRBs. 
For in-band deployment scenario, the NB-IoT downlink transmit power is shared with legacy LTE, and the resources occupied by legacy control channels or reference signals cannot be utilized by NB-IoT. Due to the limited transmission power and reduced amount of resources in the in-band operation mode, the transmission time of the control/data channels are relatively longer compared to that in the guard-band and standalone operation modes. Considering the time domain multiplexing among different signals and channels (e.g., NB-PSS/NB-SSS, NB-MIB, NB-SIBs), much long transmission time is expected. 
To improve the transmission efficiency and reduce the transmission latency, another example of multiple PRB operation is to introduce an Anchor PRB, which conveys some essential signals and channels only, e.g., synchronization signals (NB-PSS/NB-SSS) and broadcast information (NB-MIB/NB-SIBs). The control/data channels can be conveyed in the different PRBs. Without the need of time domain multiplexing with NB-PSS/NB-SSS and NB-MIB/NB-SIBs, the latency of control/data transmission can be reduced.

Proposal 3: Support Anchor PRB at least for in-band operation in Rel-13.
4. Conclusions
This contribution presented several design considerations in the NB-IoT downlink. In summary, the proposals are as follows:
Proposal 1: For NB-PDSCH, support scheduling assignment with less than 1 PRB (i.e., less than 12 subcarriers) in the system design. 
Proposal 2: The NB-IoT system design needs to consider at least the forward compatibility of the support of operation with multiple PRBs. 
Proposal 3: Support Anchor PRB at least for in-band operation in Rel-13.
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