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1. Introduction

In RAN#69 meeting, narrow band Internet of Things (NB-IoT) has been approved as a new work item [1]. This contribution discusses design for NB-PDSCH for NB-IoT. 
2. Discussions
For NB-IoT, single transmission scheme is considered considering the complexity of the UE handsets. Two candidates are considered for the NB-IoT transmission scheme – patterned precoding and SFBC. SFBC is considered for its diversity gain, and another scheme is patterned precoding, which virtualizes 2 transmit antennas to 1 port with virtualization vectors that is changed periodically following pre-defined pattern. For patterned precoding, we assume that legacy DM-RS pattern is used for NB-RS and legacy CRS is not utilized for data demodulation. 
We provide the evaluation results in in-band scenario considering the transmission scheme below. Patterned precoding uses 1 port LTE-like DMRS for channel estimation, 12 REs for overhead, and CDM NBRS uses 16 REs for channel estimation. Detailed schemes for RS patterns are provided in our companion contribution [2]. 120, 12, and 1 repetitions are used for extreme, high, and low coverage cases, respectively. Detailed simulation assumptions are given in appendix. Note that 2-port legacy CRS is rate-matched, if not used for joint channel estimation.
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Figure 1. Evaluation results of patterned precoding and SFBC for NB-PDSCH extreme coverage
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Figure 2. Evaluation results of patterned precoding and SFBC for NB-PDSCH high coverage
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Figure 3. Evaluation results of patterned precoding and SFBC for NB-PDSCH low coverage
For extreme and low coverage case, SFBC with CDM-ed CRS pattern with legacy CRS cases are better than patterned precoding, and for high coverage case, patterned precoding scheme is slightly better than SFBC, but the gap is marginal. As our result shows, SFBC can be adopted for the transmission scheme for NB-PDSCH.
Proposal 1: Consider SFBC for a single transmission scheme for NB-PDSCH. 
Multiplexing among multiple coverage classes is another problem to consider for NB-IoT. Since there are multiple coverage classes for NB-IoT UEs are considered, handling method for UEs with those coverage classes in 180KHz for both downlink and uplink needs to be considered. Simply, it may be supported in a FDM or TDM manner, and it seems more beneficial to consider TDM than FDM method. 

Firstly, on the aspect of energy efficiency for the UEs, TDM is better than FDM. It is beneficial for the UE to transmit or receive the data for the UE and return to sleep mode as soon as possible, to reduce time in connected mode. FDM means smaller resource density on time domain for data transmission or receipt, and require more time to stay in connected mode, and consume more energy than TDM case. Also, it seems less specification efforts would be required to support TDM for coverage class multiplexing. When TDM is considered, efficient multiplexing mechanism (such as interlaced resource allocations or extending TTI by mapping frequency domain PRBs to time-domain resource block) can be considered. However, it would has trade between multiplexing capability and latency/UE power consumption. Thus, overall, we prefer a simple multiplexing mechanism. 
Proposal 2: PDSCHs for multiple UEs with different coverage classes may be multiplexed in TDM manner.

UEs in coverage enhance mode may uses repetition for low code rate. When scheduling UEs with coverage enhancement, different repetition mapping schemes may be considered - continuous and discontinuous mapping. For efficient energy consumption, continuous repetition mapping may be better than discontinuous mapping. If discontinuous mapping is used, UEs may be in connected mode longer, compared to continuous mapping case. Assuming UE A and B is scheduled, as seen in figure 4 and 5, UEs are have to be in connected at least from the ‘UE Start’ to the ‘UE End’. In figure 4 and 5, continuous repetition mapping method spend less time for data transmission, resulting in less energy consumption.
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Figure 4.discontinuous repetition mapping
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Figure 5. continuous repetition mapping

Proposal 3: Repetition for coverage enhancement is mapped in continuous subframes

3. Conclusion
This contribution discusses some aspects related on downlink design for NB-IoT. The following captures our proposals. 

Proposal 1: Consider SFBC for a single transmission scheme for NB-IoT PDSCH. 
Proposal 2: PDSCHs for multiple UEs with different coverage classes may be multiplexed in TDM manner.
Proposal 3: Repetition for coverage enhancement is mapped in continuous subframes
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Annex : Simulation Parameters and Assumptions
	Parameter
	value

	System bandwidth
	10MHz

	Carrier frequency
	900kHz

	Antenna configuration
	2Tx, 1Rx, low correlation

	Channel model, Doppler spread
	TU 1Hz

	TB size
	800bits

	TTI extension
	12 subframes

	Modulation
	QPSK

	CRS handling
	2 ports rate matching

	Frequency tracking error
	Uniformly selected within [-50 Hz, 50 Hz]

	Frequency drift rate
	22.5 Hz/second

	Legacy PDCCH
	3 OFDM symbols

	Performance target
	10% BLER


