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1
Introduction
In [1], one key objective for further eMTC enhancements is to support higher data rates. Several enhancements were listed, including ACK/NACK bundling, larger maximum TBS, larger channel bandwidth, and increasing the number of HARQ processes. In this contribution, we discuss supporting up to 10 DL HARQ processes in CE Mode A for full-duplex FDD.
2
Number of DL HARQ Processes
For full-duplex FDD, Figure 1 illustrates the current timing diagram for peak data rate. Due to the use of cross-subframe scheduling, not all subframes can be filled with data as only 8 HARQ processes are supported. As a result, the peak downlink data rate is only 800 kbps. In the uplink, there is no gap in the HARQ transmission and full 1Mbps peak data rate can be achieved. Thus, the peak data rate for eMTC is higher in the uplink than downlink.
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Figure 1. eMTC HARQ timing diagram.
To increase the peak data rate in the downlink, it is proposed that up to 10 HARQ processes can be supported. This will allow the eNB to continuously transmit to UE and will achieve the maximum throughput of 1 Mbps. Note that this is only required for full-duplex FDD UE and only in CE Mode A. For half-duplex UE, at most 3 HARQ processes can be used and higher data rate cannot be achieved by supporting more HARQ processes. Similarly, for UE in CE Mode B, there would be no difference in data rate with larger number of HARQ processes since UE in CE Mode B requires many repetitions.
Alternately, same-subframe scheduling can be considered. This will also allow peak data rate of 1Mbps in the downlink without requiring additional HARQ processes (and thus does not require larger soft buffer). However, this will introduce a separate timing for Rel-14 UE which is not preferred. Therefore, it is proposed to support 10 DL HARQ processes in CE Mode A for full-duplex FDD UE.
Proposal: Support 10 DL HARQ processes in CE Mode A for full-duplex FDD.
With 10 DL HARQ processes, the UE will need a larger soft buffer (approximately 25% larger). Typically, HARQ buffer comprises 10-15% of the cost of the baseband unit. The baseband unit itself comprises approximately 60% of the total cost of the modem. Therefore, HARQ buffer comprises 6-9% of the cost of the modem. A 25% increase in the size of the buffer is expected to increase modem cost by approximately1-2%. This is a marginal increase in order to support up to 1 Mbps peak data rate in the downlink.
Note that supporting more DL HARQ processes will also increase power consumption at the UE. However, this increase is expected to be small as this is for downlink processing which consumes significantly less power than uplink transmission. Furthermore, this power consumption increase is only incurred when UE is receiving very high data rates.
The impact to specification from supporting 10 DL HARQ processes is expected to be small. However, a new DCI might be required as the size of the HARQ process number field in DCI 6-1A must be increased from 3 to 4 bits. A new DCI is likely to be needed anyway e.g. to support larger bandwidth. Therefore, this modification to HARQ process number field to the can be considered together with modifications for other enhancements.
3
Conclusions
In this contribution, we consider higher downlink data rate for eMTC UE via increasing the number of DL HARQ processes and make the following proposal –

Proposal: Support 10 DL HARQ processes in CE Mode A for full-duplex FDD.
4
References
[1] RP-161321, “New WI proposal on Further Enhanced MTC,” Ericsson, RAN#72, Busan, Korea.
[2] TR 36.888, “Study on provision of low-cost Machine-Type Communications (MTC) User Equipments (UEs) based on LTE,” V12.0.0, June 2013.
