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1 Introduction

In RAN#72, a new work item on further enhanced MTC (FeMTC) was approved [1]. In the FeMTC WID, higher data rates were agreed as one of the important objectives. In this contribution, the possible schemes on improving peak rate in HD-FDD are analyzed. Preliminary proposals are given correspondingly.
2 Method for improving peak rate for HD-FDD
In the FeMTC WID, the following three methods were proposed to achieve high data rates applicable to HD-FDD:
· Specify HARQ-ACK bundling in CE mode A in HD-FDD

· Larger maximum TBS

· Larger max. PDSCH/PUSCH channel bandwidth in connected mode
2.1 HARQ-ACK bundling
For HD-FDD MTC UE, one subframe will be reserved for Tx-Rx switch or Rx-Tx switch. Moreover, in view of one HD-FDD UE cannot transmit and receive simultaneously, the actually available subframes for HD-FDD DL transmission or UL transmission will be substantially reduced compared to FD-FDD. 

As shown in the Figure below, for one Rel-13 BL UE, i.e. a BL UE without any coverage enhancement, within three radio frames, 12 DL subframes can be used for PDSCH transmission. Therefore, the maximum DL peak data rate for Rel-13 eMTC UE would be 300 kbps, which has large gap compared to the target of 1 Mbps peak rate.
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Figure 1: PDSCH transmission in HD-FDD, Rel-13 BL UE
As shown in the Figure 1, for each HARQ process (the number in the box is the HARQ process index), there will be one corresponding UL subframe for ACK/NACK feedback. To improve the data rate, reducing the uplink subframes for ACK/NACK transmission and providing more DL subframes for PDSCH transmissions could be a possible way. 
Assuming the interval between the subframe of PDSCH transmission and the subframe of uplink ACK/NACK feedback is still required to be at least three subframes, Figure 2 below gives an example for UL ACK/NACK bundling in HD-FDD. As shown in Figure 2, with ACK/NACK bundling, 18 subframes can be used for PDSCH transmission within three radio frames. Compared to the available 12 subframes for PDSCH transmission as shown in Figure 1, 50% increment on available PDSCH transmission subframes is achieved via. Correspondingly, the data rates can be improved 50% for ACK/NACK bundling in HD-FDD. 
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Figure 2: PDSCH transmission in HD-FDD with ACK/NACK bundling
However, the impact of ACK/NACK bundling on increasing unnecessary retransmission should be considered. For example, assume four ACK/NACKs corresponding to four PDSCH transmissions can be bundled to one ACNK/NACK feedback. In this case, if for example three PDSCH are correctly detected and one PDSCH is not correctly detected, the UE should feedback NACK. Thus, the eNB may have to retransmit all four PDSCHs for the UE, which will decrease the peak rate on the contrary. 
Therefore, to support ACK/NACK bundling more efficiently, a mechanism for identifying separate ACK/NACK indication for each PDSCH may be necessary. The scheme of PUCCH channel selection may be useful to indicate separate ACK/NACK feedback for each PDSCH at the cost of increasing the resources reserved for PUCCH. Although the overhead of PUCCH resource reservation may lead to resource waste to some extent, the benefits of throughput improvement seem more attractive.
Proposal 1: To support ACK/NACK bundling, a mechanism for identifying separate ACK/NACK indication for each PDSCH is needed.
2.2 Larger TBS
For Rel-13 BL/CE UEs, the maximum supportable TBS is 1000 bits, so the peak data rate is at most 1 Mbps, but this is before considering any unavailable subframes due to cross-subframe scheduling and re-tuning, etc. To further improve the peak data rate in HD-FDD, the maximum TBS can be increased. For example, assuming the UE’s RF and baseband capability are the same as Rel-13 eMTC UEs (i.e., 1.4 MHz), as analyzed in our companion contribution [2], the maximum TBS can be increased from 1000 bits to 2984 bits. Thus, the peak data rate can be increased three times compared to that of Rel-13 BL/CE UEs, coming much closer to the 1 Mbps target and the rate supported by Rel-13 FD-FDD eMTC UEs. 
Considering the technique of bandwidth reduction has already obtained significant cost saving on the baseband module, the cost increment (0.5% - 1% of a Cat. 1 UE cost) of increasing TBS from 1000 bits to 2984 bits is trivial. Therefore, at least for UEs with 1.4 MHz RF and baseband capability, we propose the maximum TBS can be increased to 2984 bits in HD-FDD.  
Proposal 2: For HD-FDD UEs with 1.4 MHz RF and baseband capability, the maximum TBS can be increased to 2984 bits.
2.3 Larger PDSCH/PUSCH channel bandwidth
To increase data rate in HD-FDD, the channel bandwidth of PDSCH or PUSCH can be increased to support larger TBS. Thus, the cost of Rel-14 FeMTC UE on RF and baseband processing would be increased compared to a Rel-13 eMTC UE.
However, the motivation of supporting larger PDSCH/PUSCH channel bandwidth is for moderate-end HD-FDD FeMTC UEs to support diverse MTC applications. For example, audio streaming and video surveillance, etc. Such UEs can be less sensitive to cost. As analyzed in our companion contribution [3], considering the technique of one single RF chain and peak rate reduction (max 1000 bits TBS) has already saving significant cost saving on RF and baseband module, the cost of enlarging channel bandwidth (both RF and baseband) is increased about 1.8% or 3.9% from 1.4 MHz to 
3 or 5 MHz (referred to the cost of Cat-1 UE). 

For normal, i.e. non-BL HD-FDD CE UEs supporting MTC traffic, due to less sensitivity to the cost factor, these UEs can support PDSCH/PUSCH transmission in RF and baseband of 20 MHz to provide high data rates.
Proposal 3: For moderate-end HD-FDD MTC UEs, the channel bandwidth (both RF and baseband) of PDSCH or PUSCH can be increased to 3 MHz or 5 MHz to support larger TBS.
Proposal 4: For normal HD-FDD UEs supporting MTC traffic in CE mode A or B, support PDSCH/PUSCH transmission in 20MHz to provide high data rate.
3 Conclusion
In this contribution, the possible schemes on improving peak rate in HD-FDD are analyzed, and the following preliminary observation and proposals are given:

Proposal 1: To support ACK/NACK bundling, a mechanism for identifying separate ACK/NACK indication for each PDSCH is needed.
Proposal 2: For HD-FDD UEs with 1.4 MHz RF and baseband capability, the maximum TBS can be increased to 2984 bits.
Proposal 3: For moderate-end HD-FDD MTC UEs, the channel bandwidth (both RF and baseband) of PDSCH or PUSCH can be increased to 3 MHz or 5 MHz to support larger TBS.
Proposal 4: For normal HD-FDD UEs supporting MTC traffic in CE mode A or B, support PDSCH/PUSCH transmission in 20 MHz to provide high data rate.
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