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Introduction
RAN1#90 made the following agreements:
· 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.
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.

1. [bookmark: _Ref178064866]Discussion
The uplink HARQ operation for BL/CE UEs is asynchronous [3] and there is no explicit positive HARQ-ACK feedback sent from eNB to let the UE know whether an uplink data transmission on PUSCH was successfully received or not i.e. the absence of an UL retransmission grant can implicitly indicate successful uplink transmission after expiration of drx-ULRetransmissionTimer.
When the uplink traffic is relatively frequent, the UE receives such an implicit positive HARQ-ACK feedback for the previous uplink data transmission when it is scheduled with a new uplink data transmission using the same PUSCH HARQ process with the new data indicator (NDI) bit toggled.
[bookmark: _Hlk485631388]However, when the uplink traffic is relatively infrequent, the UE may not receive any implicit positive HARQ-ACK feedback for an uplink data transmission since there is no immediate next uplink data transmission with the NDI bit toggled. The UE will wait until the uplink HARQ retransmission timers (UL HARQ RTT timer and drx-ULRetransmissionTimer) expire [3], which could take a long time compared to the time scale of the physical layer procedures.
This is relevant for the case when BL/CE UE is released from RRC connected mode to RRC idle mode. When the UE receives an RRCConnectionRelease message, it sends a corresponding RLC-ACK on PUSCH and waits for ”1.25 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier” [4]. It may be possible to reduce the waiting time if the lower layers can indicate the receipt of the message earlier through the reception of a positive HARQ-ACK feedback from eNB [5].

[bookmark: _Toc494044771][bookmark: _Toc494421687]Early termination of PUSCH transmission
[bookmark: _Hlk498074517]RAN1#90bis made an agreement that signaling for positive HARQ-ACK feedback to a single UE using MPDCCH with existing DCI sizes is introduced in CE modes A and B at least for FD-FDD and TDD.
Beside for early termination of MPDCCH monitoring, the introduction of positive HARQ-ACK feedback to the UE during an ongoing PUSCH transmission can enable early termination of PUSCH transmission, which can be used to reduce device power consumption, uplink interference and improve system capacity by allowing eNB to use saved system resources for another UE. It is then possible to optimize the number of repetitions in the TTI bundle for a certain UE to match what is required for successful decoding to avoid wasted resources from retransmissions.
If a low BLER is targeted for a PUSCH transmission, a relatively high number of PUSCH repetitions per HARQ transmission must be used to guarantee a high chance of successful reception. This means that the amount of “excessive” repetition may be relatively large in many of the transmissions, and the potential gain from introducing a possibility to do early termination may be significant.
Since the used number of PUSCH repetitions is estimated based on UE’s received signal in downlink and may contain imprecision in measured results, the actual number of PUSCH repetitions required for successful decoding may be less in some cases than initially configured number of PUSCH repetitions.
[bookmark: _Hlk498644602]For uplink transmission, a BL/CE UE would follow procedure described below: if the BL/CE UE is configured with optional UE capability of mpdcch-ul-HARQ-ACK-FeedbackConfig [6] for “HARQ-ACK feedback for early termination of PUSCH”, and the eNB has been able to decode ongoing PUSCH transmission, the eNB can schedule new UL grant triggering UE to terminate ongoing PUSCH transmission and starting a new PUSCH transmission. If there is no more UL data to be scheduled, the eNB should not send a new UL grant but instead use DCI to indicate explicit positive HARQ-ACK feedback. 
In addition, indication of explicit positive HARQ-ACK feedback in DCI can also be used for termination of MPDCCH monitoring when there is no ongoing PUSCH transmission.
[bookmark: _GoBack]
From RAN1 point of view, the two sub-features (explicit HARQ-ACK feedback and early PUSCH termination) can either be separate or bundled into a single UE capability.
Explicit HARQ-ACK feedback in connected mode is an optional UE capability with UE capability signaling to the network.
Early PUSCH termination in connected mode is an optional UE capability with UE capability signaling to the network.
mpdcch-ul-HARQ-ACK-FeedbackConfig can be used to indicate UEs capability for early termination of MPDCCH monitoring and early termination of PUSCH transmission.
[bookmark: _Toc490236849][bookmark: _Toc490237405][bookmark: _Toc490264115][bookmark: _Toc490265185][bookmark: _Toc494044775][bookmark: _Toc494421694]Conclusion
1. [bookmark: _In-sequence_SDU_delivery]From RAN1 point of view, the two sub-features (explicit HARQ-ACK feedback and early PUSCH termination) can either be separate or bundled into a single UE capability.
1. Explicit HARQ-ACK feedback in connected mode is an optional UE capability with UE capability signaling to the network.
Early PUSCH termination in connected mode is an optional UE capability with UE capability signaling to the network.
mpdcch-ul-HARQ-ACK-FeedbackConfig can be used to indicate UEs capability for early termination of MPDCCH monitoring and early termination of PUSCH transmission.
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