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1. Introduction 
A new WI to further enhance MTC (feMTC) is agreed in [1].  One of the objectives of this WI is to introduce higher data rate to an MTC device by:
· Specify HARQ-ACK bundling in CE mode A in HD-FDD
· Larger maximum TBS

· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios

· Up to 10 DL HARQ processes in CE mode A in FD-FDD

This contribution discusses this objective in improving the data rate for HD-FDD and FD-FDD UEs particularly focusing on HARQ-ACK bundling and 10 DL HARQ processes.
2. Discussion
Rel-13 eMTC requirements are aimed at low throughput and low mobility devices such as low data rate wearables, sensors and smart meters.  The higher data rate objective for Rel-14 feMTC is aimed at a different set of devices such as more capable wearable devices and health monitoring.  Although we expect such devices to also operate in CE Mode B, the improvement in higher throughput in this contribution focuses on operation in CE Mode A as per the objectives.  Furthermore it should be noted that the number of HARQ processes in CE Mode B limited to two which restricts available enhancement on throughput.
2.1 HARQ-ACK Bundling in HD-FDD

Cross subframe scheduling is used in eMTC where the PDSCH starts at the 2nd valid subframe after the end of the corresponding MPDCCH.  The timing between PDSCH and its corresponding HARQ-ACK (PUCCH) follows legacy timing, i.e. 4 subframes later.  The maximum downlink throughput that is achieved whilst conforming to these timing relationships is achieved by transmitting 3 MPDCCH in 3 consecutive subframes to schedule 3 corresponding PDSCH in the same narrowband.  This is followed by a DL to UL switching subframe and the 3 HARQ-ACK carried by the corresponding PUCCH as shown in Figure 1.  For a maximum TBS of 1000 bits, this would result in a maximum throughput of 300 kbps.
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Figure 1: Rel-13 eMTC HD-FDD MPDCCH, PDSCH & PUCCH transmission

Bundling of multiple PDSCH acknowledgements into a single uplink feedback would require the PDSCH and PUCCH timing to exceed 4 subframes defined in Rel-13 eMTC.  Since the time between PDSCH and PUCCH is dimensioned to allow the UE to process the PDSCH, this timing is required only for the last PDSCH transmission prior to the HARQ-ACK feedback.  This is shown in Figure 2 assuming 3 consecutive PDSCH transmissions, where the PDSCH-PUCCH timing relationship (of 4 subframes) is maintained for the last PDSCH transmitted in Subframe 4.
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Figure 2: HARQ-ACK bundling maintaining the PDSCH-PUCCH timing relationship for the last PDSCH.

Proposal 1: For HARQ-ACK bundling, the PDSCH-PUCCH timing of 4 subframes is only required for the last PDSCH within the bundled PDSCH transmission.

As can be observed in Figure 2, seven subframes cannot be used for PDSCH within a bundle of PDSCH transmissions due to:
· 2 subframes for receiving and processing the MPDCCH

· 3 subframes for processing the PDSCH including 1 subframe for switching from downlink to uplink

· 1 subframe to transmit the bundled HARQ-ACK via PUCCH

· 1 subframe to switch from uplink to downlink

The maximum throughput that can be achieved and the corresponding bundle size SB, can be calculated as 
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 kbps and is summarised in Table 1 for various SB sizes.  Note for SB=2, it is possible to stack two bundles of PDSCH each with size of 2 together as shown in Figure 3.  It is observed that the maximum throughput can be achieved for a bundle size SB=8 when the current maximum number of HARQ processes is adhered to.  If the number of HARQ processes is increased to 10, the maximum throughput with a bundle size SB=10 is 588 kbps.
Table 1: Maximum throughput and bundle size

	Bundle Size
	Max Throughput (kbps)

	1
	300

	2
	364

	3
	300

	4
	364

	5
	417

	6
	462

	7
	500

	8
	533

	9
	562

	10
	588
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Figure 3: 2 × SB=2 PDSCH bundling

Proposal 2: The maximum HARQ-ACK bundle size equals the maximum number of HARQ processes.

2.2 Increase DL HARQ Process to 10

In FD-FDD Rel-13 eMTC, cross subframe scheduling implemented for PDSCH has an MPDCCH processing time of 1 subframe between MPDCCH and PDSCH.  The UE would process the received PDSCH and generate a HARQ feedback that is carried by the PUCCH, which takes 4 subframes.  At the eNB, upon receiving the PUCCH containing the HARQ feedback from the UE, the eNodeB will process the HARQ feedback, perform scheduling operations and generate another PDSCH (new or retransmission) for the UE and this processing takes up tp 4 subframes at the eNB.  To achieve the maximum throughput, the PDSCH would need to be transmitted in 8 consecutive subframes as shown in Figure 4.  Here in Radio Frame #1, the eNB transmits 8 consecutives MPDCCH starting at Subframe 0 and the PDSCH is transmitted 2 subframes later starting at Subframe 2.  The first HARQ feedback is sent from the UE 4 subframes later, i.e. at Subframe 6 and the eNB would process this and will be able to send the next PDSCH for this HARQ process at Subframe 0 of Radio Frame #2.  As can be observed in Figure 4, two subframes (i.e. Subframe 0 and Subframe 1 of Radio Frame #2) cannot be used for PDSCH transmissions since the UE is limited to 8 HARQ processes.  This limits the peak throughput to 800 kbps.
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Figure 4: Rel-13 eMTC PDSCH transmission
During the Rel-13 eMTC WI, it was proposed that the number of downlink HARQ processes is increased from 8 to 10 to increase the maximum throughput from 800 kbps to 1 Mbps.  Increasing the number of downlink HARQ processes would increase the soft buffer size by (25% (i.e. increase in complexity).  An alternative would be to use 10 HARQ processes in the downlink only when the UE is in a good condition thereby operating at high coding rate which would require a smaller buffer size.  That is at a good SNR, the UE would operate with 10 HARQ processes using limited buffer rate matching and at poorer SNR condition, it would operate using full buffer rate matching with 8 HARQ processes.
Observation 1: The increase of the number of HARQ processes from 8 to 10 can be supported with Rel-13 eMTC soft buffer size.

As shown in Table 1, with 10 HARQ processes and a bundle size of 10, the HD-FDD maximum throughput can be increased to 588 kbps. Hence, this increase to the number of HARQ processes is also beneficial for HD-FDD.

Proposal 3: Increase the number of HARQ processes from 8 to 10 in feMTC for FD-FDD and HD-FDD.
3. Conclusion

In this contribution we discussed some aspects of increasing the maximum throughput for feMTC and we observed the following:

Observation 1: The increase of the number of HARQ processes from 8 to 10 can be supported with Rel-13 eMTC soft buffer size.
And we propose the following:

Proposal 1: For HARQ-ACK bundling, the PDSCH-PUCCH timing of 4 subframes is only required for the last PDSCH within the bundled PDSCH transmission.

Proposal 2: The maximum HARQ-ACK bundle size equals the maximum number of HARQ processes.
Proposal 3: Increase the number of HARQ processes from 8 to 10 in feMTC for FD-FDD and HD-FDD.
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