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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 details on NB-PDSCH for NB-IoT. 
2. Discussions
For NB-IoT, the maximum TB size for downlink is agreed to be no less than 520bits, considering SIB size. However, 1 RB is used for data transmission for downlink, and, using only 1RB to transmission does not meet the agreed maximum TB size. Maximum RE number in a RB is 132 REs in in-band scenario assuming 3 legacy PDCCH symbol including all available REs for NB-IoT downlink, and considering QPSK, maximum bit number that can be transmitted in a subframe is 264 bits. This maximum bit numbers can be further reduced considering legacy CRS and NB-RS, which is smaller than agreed 520 bits. Therefore, scheduling one TB over multiple subframes would be necessary also for downlink transmission. However, scheduling one TB over multiple subframes would increase the overall UE complexity to be able to receive multiple subframes before data processing. Thus, the number of subframes should be restricted to be a small number such as 2 or 4. 
Proposal 1: Allow one TB is scheduled over multiple subframes in downlink.
Multiplexing among UEs is one problem to consider for NB-IoT. 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, resulting in consuming 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 have trade between multiplexing capability and latency/UE power consumption. Thus, overall, we prefer a simple multiplexing mechanism. 

Proposal 2: PDSCHs for multiple UEs may be multiplexed in TDM manner.

UEs in coverage enhance mode may uses repetition for robust transmission. Several schemes can be considered for repetition.
· Alt 1: simple repetition : 
Simple repetition method, which depicted in Figure 1, can be considered as the baseline scheme for NB-IoT repetition. In Figure 1, subframes with same color represent an extended TTI, and is repeated, depicted as TTI with different colors. It is performed with the repetition unit, such as an extended TTI, and UE combines repetition unit for decoding.
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Figure 1. Simple repetition
· Alt 2: I/Q combining symbol combining allowable repetition
Combining may be performed on I/Q level. Better performance is expected with I/Q combining than bit-level combining with simple repetition, however symbols to be combined is better to be close together for higher combining performance with less channel variance. Moreover, if symbols to be combined is separated too much in time domain, large buffer size is required to UE. Therefore, subframe-level repetition, as depicted in figure 2, can be introduced for the I/Q combining.
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Figure 2. subframe-level repetition for I/Q combining.
Proposal 3: Consider subframe-level repetition scheme for I/Q combining.

For HARQ retransmission, simple retransmission with no RV is considered for NB-IoT, and chase combining with RV can be introduced for better retransmission performance in NB-PDSCH. For code rate lower than 1/3, whole TBCC-coded bit stream can be transmitted at least once in a TTI, thus only small gain from RV is expected. In contrast, for code rate higher than 1/3, TBCC-coded bit stream cannot be transmitted within a TTI, and retransmission block with different RV is expected to be beneficial for decoding since it can cover more TBCC-coded bit stream. Therefore, at least for high code rate, RV can be supported for NB-PDSCH.
Proposal 4: Support RV for NB-PDSCH at least for high code rate.


According to current MCS table, the coding rate of QPSK ranges from 0.117 to 0.663 and that of 16QAM from 0.332 to 0.643, which is less than 2/3. This means that more than 2/3 of encoded bits will be transmitted in every transmission trial. Therefore, it may not be necessary to define more than 2 redundancy versions for NB-PDSCH, which can reduce the number of bits for RV signalling in NB-PDCCH.
SPS can be considered for NB-IoT downlink transmission. However, NB-IoT downlink transmission scenario does not include consecutive data transmission case in downlink, and considerable specification efforts would be required to support SPS. Thus SPS does not have to be supported in NB-IoT in Rel.13.
Proposal 5: SPS is not supported for NB-IoT in Rel.13.

3. Conclusion
This contribution discusses some aspects related on downlink design for NB-IoT. The following captures our proposals. 
Proposal 1: Allow one TB is scheduled over multiple subframes in downlink.
Proposal 2: PDSCHs for multiple UEs may be multiplexed in TDM manner.

Proposal 3: Consider subframe-level repetition scheme for I/Q combining.

Proposal 4: Support RV for NB-PDSCH at least for high code rate.

Proposal 5: SPS is not supported for NB-IoT in Rel.13.
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