
3GPP TSG-RAN WG1 Meeting #86bis
R1-1608892
Lisbon, Portugal 10th - 14th October 2016
Agenda item:

7.2.8.1.3
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
ACK/NACK Bundling in FeMTC
Document for:

Discussion and Decision
1
Introduction
One of the objectives that has been agreed for the new Rel-14 work item on further enhanced MTC is support of enhancements for higher data rates to address uses cases with such requirements [1] –
Higher data rates [RAN1, RAN2, RAN4]

· 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

In this contribution, we discuss HARQ-ACK bundling for a UE operating in CE Mode A in half-duplex FDD (HD-FDD).
2
Discussion

In Rel-13, it was agreed that legacy HARQ timing would be preserved for FDD operation. Furthermore, the maximum number of HARQ processes supported for FDD in CE Mode A is 8. In practice, however, no more than 3 HARQ processes can be used for PDSCH transmission in HD-FDD with the timing specified for HARQ feedback, as illustrated in Figure 1. It is noted that the PDSCH is scheduled in the second subframe after the MPDCCH and that a 1-subframe gap is allowed for switching between downlink and uplink in HD-FDD (subframes 5 and 9 in the figure). Only 3 out of 10 subframes are used for PDSCH transmission to the UE and hence the peak data rate is 300 kbps. 
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Figure 1. eMTC DL HARQ in HD-FDD (repetition factor of 1) when MPDCCH and an unassociated PDSCH are transmitted in a subframe.
When a subframe cannot be shared between MPDCCH and PDSCH (associated with another process), then the number of HARQ processes that can be supported is even less. Figure 2 illustrates an example where the PDSCH is transmitted in a single subframe (no repetition). In this case, only 2 HARQ processes can be supported and, therefore, the peak data rate is reduced even further to 200 kbps.
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Figure 2. eMTC DL HARQ in HD-FDD (repetition factor of 1) when only the MPDCCH or the PDSCH are transmitted in a subframe.
One approach for increasing the HD-FDD peak data rate is to relax the HARQ timing, allowing a longer gap between the reception of PDSCH and the transmission of UL ACK/NACK to allow the UE to receive another MPDCCH and PDSCH on the DL before it switches to the UL for ACK/NACK transmission. If the round-trip time (RTT) of 10 ms must be not increased, however, due to the delay between the MPDCCH and the PDSCH and the lack of sufficient number of unused subframes, this cannot be realized even if the time between reception of the UL ACK/NACK at the eNB and transmission of the MPDCCH for the HARQ retransmission is reduced. In the case of Figure 1, more HARQ processes can be supported only with an increase in RTT corresponding to 2 ms for every additional HARQ process (1 ms for receiving the PDSCH and 1 ms for transmitting the corresponding ACK/NACK). Thus, for example, the peak data rate with 10 DL HARQ processes (which is the new maximum number of DL HARQ processes that is being proposed [2]) would be (10×1000)/(10+14) = 416.7 kbps.
An alternative approach is bundling of UL ACK/NACK for multiple processes. This approach is used in LTE TDD, where the number of DL and UL subframes can be unequal, to transmit a “bundled” ACK/NACK in a single subframe for multiple transport blocks. A consequence of ACK/NACK bundling is that the relative timing between PDSCH reception and ACK/NACK transmission is not fixed for all processes. In bundling, a single feedback message is transmitted for the transport blocks received on multiple DL HARQ processes. This feedback message is generated by performing a logical AND operation on the individual ACK/NACK messages for all these transport blocks. While this reduces the number of UL feedback messages sent, the disadvantage is that all the transport blocks for which the bundled feedback is sent are retransmitted even when there is a NACK for only one of them. Thus, there may be redundant retransmissions resulting in wastage of DL resources. When NACKs are rare, however, this does not have a signigicant impact on performance.
With ACK/NACK bundling, the transmission time for ACK/NACK feedback is reduced to a single subframe. Figure 3 illustrates the HARQ timing for 5 HARQ processes. As the figure shows, the time between the reception of PDSCH for the last HARQ process and transmission of the bundled ACK/NACK is 3 ms based on the legacy requirement for PDSCH processing time. On the other hand, there is a larger delay corresponding to the preceding HARQ processes. Therefore, in this case, the RTT is increased from 10 ms to 14 ms for increasing the number of HARQ processes from 3 HARQ processes to 5 HARQ processes, i.e., the same as with relaxed HARQ timing discussed above. The resulting peak data rate is (5×1000)/14 = 357.1 kbps.
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Figure 3. eMTC DL HARQ with ACK/NACK bundling in HD-FDD (repetition factor of 1) for 5 HARQ processes when MPDCCH and an unassociated PDSCH are transmitted in a subframe.
Figure 4 illustrates the case for 10 HARQ processes. In this case, with a bundled ACK/NACK, the feedback transmission time is still 1 ms and, therefore, the RTT is increased by 5 ms to 19 ms. This results in a peak data rate of (10×1000)/19 = 526.3 kbps. Note that in Figure 3 and Figure 4 it is assumed that a 3 ms gap is provided at the eNB for processing the bundled ACK/NACK and preparing the MPDCCH for scheduling a retransmission (if needed). If the processing time can be reduced to the switching gap duration of 1 ms, the peak data rate can be further increased to 588.2 kbps.
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Figure 4. eMTC DL HARQ with ACK/NACK bundling in HD-FDD (repetition factor of 1) for 10 HARQ processes when MPDCCH and an unassociated PDSCH are transmitted in a subframe.
In the above discussion, PDSCH transmission for the all the HARQ processes occurs in consecutive subframes and, therefore, the HARQ timing for different processes has a simple relationship to the HARQ process index. When a subframe is not shared between MPDCCH and (unassociated) PDSCH, the PDSCH is not transmitted in consecutive subframes for different HARQ processes. Figure 5 illustrates the case with 3 HARQ processes. The feedback timing is always fixed relative to the PDSCH reception for the last process but the feedback delays for the preceding HARQ processes are not linearly distributed. Here it can be seen that the RTT is 14 ms and hence the peak data rate is (3×1000)/14 = 214.3 kbps, which is a small increase relative to the eMTC case with no ACK/NACK bundling depicted in Figure 2.
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Figure 5. eMTC DL HARQ with ACK/NACK bundling in HD-FDD (repetition factor of 1) for 3 HARQ processes when only the MPDCCH or the PDSCH are transmitted in a subframe.
Figure 6 illustrates the timing with ACK/NACK bundling for 4 HARQ processes. In this case, the RTT is 15 ms, resulting in a peak data rate of (4×1000)/15 = 266.7 kbps, which is a substantial increase relative to the eMTC case with no ACK/NACK bundling depicted in Figure 2. In general, extending this to more HARQ processes will also yield increased data rates with bigger improvements for an even number of HARQ processes—an odd number of processes results in an increase in RTT by 3 ms whereas for the next even number of processes, only a further 1-ms increase in RTT is incurred.
[image: image6.png]Subframe 01 "2 .3

DL w|m]w[m

w0

uL

#k | MPDCCH (process k)

[

PDSCH (process k)

Bundied UL ACK/NACK





Figure 6. eMTC DL HARQ with ACK/NACK bundling in HD-FDD (repetition factor of 1) for 4 HARQ processes when only the MPDCCH or the PDSCH are transmitted in a subframe.
While the above cases were with a PDSCH repetition number of 1, CE Mode A also includes other repetition numbers. Figure 7 shows an example with a PDSCH repetition number of 2 for 2 HARQ processes. ACK/NACK bundling for two processes each with a PDSCH repetition number of 4 will slightly improve the latency. ACK/NACK bundling for more processes each with a PDSCH repetition number of 2 or for 2 processes with a with a higher PDSCH repetition number will not provide a significant benefit. Therefore, support of ACK/NACK bundling can be limited only to small repetition numbers in CE Mode A.
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Figure 7. eMTC DL HARQ with ACK/NACK bundling in HD-FDD (repetition factor of 2) for 2 HARQ processes.
Therefore, we have the following proposals:
Proposal 1: Support HARQ-ACK bundling in CE Mode A in HD-FDD.
Proposal 2: Consider limiting support of ACK/NACK bundling for small repetition numbers in CE Mode A, e.g., 2 or 4.
3
Conclusion

In this contribution HARQ-ACK bundling is discussed for a UE operating in CE Mode A in HD-FDD and the following proposals are made:
Proposal 1: Support HARQ-ACK bundling in CE Mode A in HD-FDD.
Proposal 2: Consider limiting support of ACK/NACK bundling for small repetition numbers in CE Mode A, e.g., 2 or 4.
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