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1 Introduction
In RAN2#99 meeting, the topic of uplink HARQ-ACK feedback for Rel-15 MTC was discussed and the following agreements were achieved:

	Agreements:
· The support for UL HARQ ACK feedback for early termination signalling (ETS) is up to RAN1 to decide.

· UL HARQ ACK feedback is beneficial with respect to UE power consumption from RAN2 standpoint.




Additionally, in RAN1#90 and #90bis meeting, two LSs [1][2] were sent to RAN2 to inform RAN1 agreements on uplink HARQ-ACK feedback:
	LS R1-1715299
RAN1#90 made the following agreements regarding UL HARQ-ACK feedback in Rel-15 efeMTC.

· Explicit HARQ-ACK feedback is supported for the following purpose(s):

· Early termination of MPDCCH monitoring before going to sleep (details up to RAN2)

· FFS: Early termination of PUSCH transmission at least in FD-FDD and TDD

· The introduction of explicit HARQ-ACK feedback shall not increase the maximum number of MPDCCH blind decoding attempts.

ACTION: 
RAN1 respectfully asks RAN2 to consider the agreement from RAN1 in their future UL HARQ-ACK feedback related works in Rel-15 efeMTC.
LS R1-1719206

RAN1#90bis made the following agreements regarding UL HARQ-ACK feedback in Rel-15 LTE efeMTC.

· Early termination of PUSCH transmission is supported at least in FD-FDD and TDD by the following:

· MPDCCH for UL grant for scheduling new UL data

· MPDCCH for explicit HARQ-ACK feedback
· For explicit HARQ-ACK feedback for early termination of PUSCH transmission:
· Explicit HARQ-ACK feedback for a single UE is carried in a DCI with the same DCI size as DCI format 6-0A/B. The DCI is carried on MPDCCH in UE-specific search space.

· FFS: Explicit HARQ-ACK feedback for multiple UEs is carried in a DCI
· For explicit HARQ-ACK feedback for early termination of MPDCCH monitoring:

· Explicit HARQ-ACK feedback for a single UE is carried in a DCI with the same DCI size as DCI format 6-0A/B. The DCI is carried on MPDCCH in UE-specific search space.
ACTION: 
RAN1 respectfully asks RAN2 to consider the agreement from RAN1 in their future UL HARQ-ACK feedback related works in Rel-15 efeMTC.


In this contribution, we will discuss early termination of MPDCCH monitoring from RAN2 perspective.
2 Discussion
In Rel-13 and Rel-14 MTC, there is no explicit HARQ-ACK feedback for PUSCH transmission. The toggled new data indicator (NDI) bit carried in the MPDCCH indicates the HARQ-ACK feedback for the previous PUSCH transmission implicitly. If the PUSCH transmission is frequent, the UE transmission can be acknowledged in a timely manner. However, if the PUSCH transmissions are infrequent, the UE has to monitor MPDCCH continuously until drx-InactivityTimer expires as shown below. Currently the maximum drx-InactivityTimer is 2560 psf, which seems a long time for the UE from the perspective of power saving.
Observation1: If the PUSCH transmission is infrequent, the UE has to monitor MPDCCH continuously until drx-InactivityTimer expires, which is not power efficient for the UE.
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Figure1 Current drx-InactivityTimer configuration
In order to reduce UE power consumption in the above case, explicit HARQ-ACK feedback can be used. When drx-InactivityTimer is running, the UE will monitor MPDCCH for a new scheduling or an explicit HARQ-ACK feedback. If the UE receives an explicit HARQ-ACK feedback for the last HARQ process, i.e. other HARQ processes have already been ACKed, the UE stops drx-InacitivityTimer and then stops monitoring MPDCCH as shown below.
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Figure2 Enhanced drx-InactivityTimer configuration
Proposal1: If the MPDCCH indicates an explicit HARQ-ACK for the last HARQ process, the MAC entity stops drx-InactivityTimer.
Besides, for retransmission, UL RTT Timer and drx-ULRetransmissionTimer are used. During UL RTT Timer the UE can skip MPDCCH monitoring for power saving. During drx-ULRetransmissionTimer the UE monitors potential retransmission or new transmission scheduling. 
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Figure3 Current retransmission scheme
However, during PUSCH repetition transmission/ retransmission, the UE may not monitor MPDCCH, e.g. onDurationTimer and drx-InactivityTimer expire. In this case, the UE cannot receive explicit HARQ-ACK feedback carried on MPDCCH. 
Observation2: During PUSCH repetition transmission/ retransmission, the UE may not monitor MPDCCH, e.g. both onDurationTimer and drx-InacitivityTimer expire. Then the UE cannot receive explicit HARQ-ACK feedback carried on MPDCCH.
In order for the UE to monitor MPDCCH during PUSCH repetition transmission, one option is that the UE starts drx-ULRetransmissionTimer for the corresponding HARQ process in the subframe containing the first repetition of the corresponding PUSCH transmission. The other option is that the UE starts a new timer for the UE to monitor MPDCCH during PUSCH repetition transmission.
Proposal2:  A mechanism for the UE to monitor MPDCCH during PUSCH repetition transmission is required.

Currently, once drx-ULRetransmissionTimer is started, if there is no scheduling during the timer the UE has to monitor MPDCCH until it expires. As explicit HARQ-ACK feedback is introduced, in order to reduce UE power consumption, if the MPDCCH indicates an explicit HARQ-ACK feedback for an asynchronous HARQ process, the UE stops drx-ULRetransmissionTimer for the corresponding HARQ process in the subframe and consider the PUSCH transmission successful.

Observation3: it is not power efficient for UE to monitor MPDCCH for retransmission if an explicit HARQ-ACK feedback is received.

Proposal3: If the MPDCCH indicates an explicit HARQ-ACK feedback for an asynchronous HARQ process, the UE stops drx-ULRetransmissionTimer for the corresponding HARQ process.
3 Conclusion and Proposals
In this contribution, we discussed early termination of MPDCCH monitoring from RAN2 point of view, and we observe and propose that:
Observation1: If the PUSCH transmission is infrequent, the UE has to monitor MPDCCH continuously until drx-InactivityTimer expires, which is not power efficient for the UE.
Proposal1: If the MPDCCH indicates an explicit HARQ-ACK for the last HARQ process, the MAC entity stops drx-InactivityTimer.
Observation2: During PUSCH repetition transmission/ retransmission, the UE may not monitor MPDCCH, e.g. both onDurationTimer and drx-InacitivityTimer expire. Then the UE cannot receive explicit HARQ-ACK feedback carried on MPDCCH.
Proposal2:  A mechanism for the UE to monitor MPDCCH during PUSCH repetition transmission is required.

Observation3: it is not power efficient for UE to monitor MPDCCH for retransmission if an explicit HARQ-ACK feedback is received.

Proposal3: If the MPDCCH indicates an explicit HARQ-ACK feedback for an asynchronous HARQ process, the UE stops drx-ULRetransmissionTimer for the corresponding HARQ process.
4 References

[1] R1-1715299, LS on UL HARQ-ACK feedback for Rel-15 LTE efeMTC, 3GPP RAN WG1
[2] R1-1719206, LS on agreements on UL HARQ-ACK feedback in Rel-15 LTE efeMTC, 3GPP RAN WG1


4/4


