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1 Introduction
In RAN1#91 meeting, an LS [1] was sent to RAN2 to inform RAN1 working assumptions on uplink HARQ-ACK feedback:
	LS R1-1721254
RAN1 discussed HARQ-ACK feedback for PUSCH in eFeMTC. RAN1 reached the following working assumption:

· One unused DCI state in each CE mode is used for indicating:

· Early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission

· Another unused DCI state in each CE mode is used for indicating:

· Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring)

· It can be left up to RAN2 whether the new feedback signaling should also be used for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions).
For early termination of MPDCCH monitoring, RAN1 assumed that this may be used in the following cases:

1) To acknowledge the receipt of the RRCConnectionRelease message.
2) To acknowledge all pending uplink HARQ processes, so that the UE may transition to DRX earlier.

It is RAN1 understanding that the Case 1 does not need any change to RAN2 specification. For Case 2, RAN1 would like to ask RAN2 if that use case will be/is supported by RAN2 for early termination of MPDCCH monitoring. In case it is not and will not be, RAN1 will revisit the working assumption.

ACTION: 
RAN1 respectfully requests RAN2 to provide feedback on the above working assumption, and whether Case 2 will be/is supported by RAN2 for early termination of MPDCCH monitoring.



In addition, following agreements were made in RAN2#101 for early termination of MPDCCH monitoring:

	Agreements from RAN2.

· Early termination of MPDCCH and/or PUSCH can be used to complete RRC connection release procedure faster. RAN2 assumes no changes in RAN2 specification to capture this agreement.
· Send an LS reply to RAN1 that captures the following.

· RAN2 assumes that with early termination of MPDCCH monitoring, RAN1 intends to refer to early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission.

· For case 1; RAN2 thinks that UL explicit HARQ-ACK for early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission can be used to acknowledge the receipt of the RRCConnectionRelease message. RAN2 assumes no changes in RAN2 specification to capture this agreement.

· For case 2; RAN2 thinks that using an explicit HARQ-ACK feedback to acknowledge all pending UL HARQ processes is not efficient with respect to UE power consumption. RAN2 agreed that this use case is not supported.




In this contribution, we will discuss some remaining issues on early termination of MPDCCH monitoring from RAN2 perspective.
Compared to the previous paper R2-1802182 the following changes have been made:

· Add the reference of the latest RAN2 agreements
· Update section 2.2 to remove agreed proposals and add LS issue
2 Discussion
2.1 Uplink HARQ-ACK feedback introduction
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. In the existing mechanism, the UE monitors MPDCCH when any of drx-InactivityTimer, drx-RetransmissionTimer or drx-ULRetransmissionTimer is running. For example, the UE monitors MPDCCH 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 any of drx-InactivityTimer, drx-RetransmissionTimer and drx-ULRetransmissionTimer 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. Currently, RAN1 assumed one unused DCI state in each CE mode is used for indicating early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission. We think the unused DCI state can also be used for indicating HARQ-ACK feedback explicitly. After the MPDCCH repetitions, the UE starts drx-InactivityTimer. 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 UL 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 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.
For DL transmission, RAN1 asks in the LS whether the new feedback signalling should also be used for termination of MPDCCH monitoring not related to UL HARQ (re)transmission (e.g. MPDCCH monitoring related to DL transmission). In the existing mechanism, the UE monitors MPDCCH related to DL transmission when drx-InactivityTimer and/or drx-RetransmissionTimer is running. During drx-InactivityTimer, if there is not any DL transmission, the eNB can send the new feedback signalling to terminate MPDCCH monitoring in UE. 
Proposal4: The new feedback signalling can be used for terminating of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions).

With respect to the NW configuration and UE capability, naturally, only when the UE reports its support of the HARQ-ACK feedback, will the NW enables the feature. If the UE doesn’t report the capability, the NW will schedule the UE as legacy.

Proposal5: UE capability signalling and NW enabling configuration of HARQ-ACK feedback are introduced.

The corresponding CRs for TS 36.331, TS 36.321 and TS 36.306 are provided in [2] [3] [4] for above proposals.
2.2 LS to RAN1
In RAN2#101, an LS R2-1803886 was approved, which only covered following issues asked by RAN1 in LS [1]:
	LS R1-1721254
For early termination of MPDCCH monitoring, RAN1 assumed that this may be used in the following cases:

1) To acknowledge the receipt of the RRCConnectionRelease message.
2) To acknowledge all pending uplink HARQ processes, so that the UE may transition to DRX earlier.

It is RAN1 understanding that the Case 1 does not need any change to RAN2 specification. For Case 2, RAN1 would like to ask RAN2 if that use case will be/is supported by RAN2 for early termination of MPDCCH monitoring. In case it is not and will not be, RAN1 will revisit the working assumption.




In addition to above, there is following issue remaining as discussed in section 2.1 of this paper:

	LS R1-1721254
RAN1 discussed HARQ-ACK feedback for PUSCH in eFeMTC. RAN1 reached the following working assumption:

· It can be left up to RAN2 whether the new feedback signaling should also be used for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions).



Therefore, RAN2 is asked to reply to the RAN1 LS with proposal4 in section 2.1. We provide a draft LS in [5].

Proposal6: The LS provided in [5] is sent to RAN1 to inform RAN2 agreement on the remaining issue for UL HARQ-ACK feedback.
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 any of drx-InactivityTimer, drx-RetransmissionTimer and drx-ULRetransmissionTimer 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.
Proposal4: The new feedback signalling can be used for terminating of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions).

Proposal5: UE capability signalling and NW enabling configuration of HARQ-ACK feedback are introduced.

Proposal6: The LS provided in [5] is sent to RAN1 to inform RAN2 agreement on the remaining issue for UL HARQ-ACK feedback.
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