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1 Introduction

The Rel-14 feMTC work item includes an objective to introduce HARQ-ACK bundling in HD-FDD for CE mode A [1]. In this contribution, we analyze the implications of this objective, and make some initial proposals.
2 HARQ-ACK bundling
For HD-FDD MTC UE, one subframe will be reserved for Tx-Rx or Rx-Tx switching. Since an HD-FDD UE cannot transmit and receive simultaneously, the available subframes for HD-FDD DL transmission or UL transmission are substantially reduced compared to FD-FDD. 

As shown in Figure 1, for a Rel-13 BL UE without any coverage enhancement, in three radio frames, just 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 Figure 1, for each HARQ process (the number in the box is the HARQ process index), there will be a corresponding UL subframe for ACK/NACK feedback. To improve the data rate, it would help to reduce the uplink subframes taken by ACK/NACK transmission and provide more DL subframes for PDSCH transmissions. 
Assuming at least three subframes are still required between PDSCH and uplink ACK/NACK feedback, Figure 2 gives an example for UL ACK/NACK bundling in HD-FDD. With this 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, a 50% increase in available PDSCH subframes is achieved. Correspondingly, the peak data rate can be improved by 50% for 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 are bundled into one 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. 
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 DL 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.
In addition, to simplify the design, the ACK/NACK bundling can be supported only in non-repetition case. The bundling size and bundling window can be predefined or configured. 
Proposal 2: ACK/NACK bundling is supported only when all bundled PDSCHs are not repeated.
3 Conclusion
In this contribution, the possible schemes on improving peak rate in HD-FDD are analyzed, and the following proposal is given:

Proposal 1: To support ACK/NACK bundling, a mechanism for identifying separate ACK/NACK indication for each PDSCH is needed.
Proposal 2: ACK/NACK bundling is supported only when all bundled PDSCHs are not repeated.
References

[1] RP-161464, “Revised WID for further enhanced MTC for LTE”, Ericsson, RAN#73, New Orleans, USA, September 2016.
_1532434968.vsd
0

1

2

0

1


2


0

1


2


0

1


2


PDSCH with HARQ process 1


PDSCH with HARQ process 2


PDSCH with HARQ process 0


Subframe for UL ACK/NACK feedback


Subframe for Rx to Tx or Tx to Rx Switching


f


t


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9



_1532435060.vsd
PDSCH with HARQ process 0~7


Subframe for UL ACK/NACK feedback


Subframe for Rx to Tx or Tx to Rx Switching


0


1


2


3


4


5


6


7


0


1


2


3


4


5


6


7


0


1


t


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


f



