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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#89, we agreed the following:
· [bookmark: _GoBack]If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.

In RAN1#90, we further agreed the following:
· 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.

This contribution is a revision of [1] and here we discuss some aspects of using explicit HARQ-ACK feedback for PUSCH transmission.
2. Discussion
It is agreed that the explicit UL HARQ-ACK feedback is carried by an MPDCCH, i.e. transmitted using a DCI.  In [2] & [3], it was proposed that this UL HARQ-ACK feedback is carried by a common DCI that can be used to acknowledge multiple UEs, similar to DCI Format 3.  The eNB would need to group UEs in the same coverage level so that their feedback can be transmitted in the same DCI since it is not efficient to multiplex UEs in good coverage with those in poor coverage in a single DCI.  Since one of the aims of an explicit UL HARQ-ACK feedback is to enable a UE to quickly terminate its call, for this case we expect this feedback to be transmitted at a known time, e.g. 4 subframes after the end of the PUSCH transmission.  Hence grouping of multiple feedbacks in a single DCI may be challenging for the scheduler to ensure all PUSCH repetitions end at the same time for multiple UEs.  Furthermore, multiplexing of multiple UEs would lead to a larger than required DCI size leading to higher repetitions for each individual UE.  Therefore, we prefer that this explicit UL HARQ-ACK is UE specific.
Observation 1: Multiplexing UL HARQ-ACK feedbacks for multiple UEs in a single common DCI is not efficient and may increase scheduler complexity.
Proposal 1: The explicit UL HARQ-ACK feedback is carried by a UE specific DCI.

In [2] & [4], it is proposed that the PUSCH repetition can be early terminated by means of transmitting a DCI carrying an explicit UL HARQ-ACK feedback to the UE.  An alternative to early termination is to target the repetition at a higher BLER, e.g. 30% BLER instead of 10% BLER.  This would reduce the number of repetitions where the majority of the time (e.g. 70%) the PUSCH will reach the eNB using a lower number of repetitions.  For a PUSCH that fails to reach the eNB, the PUSCH can be retransmitted following a NACK feedback from the eNB.  In [5], it is argued that early termination is beneficial when the repetition granularity is coarse, which is the case for high PUSCH repetitions since the repetition step increases as a power of 2 (e.g. {512, 1024, 2048}).  If the UE requires say 1200 repetitions, the eNB can schedule the UE with 2048 repetitions and early terminate it at 1200, once it has determined that the PUSCH has been successfully received.  If we rely on HARQ retransmission, this would require a first transmission of 1024 repetitions followed by another at 256 repetitions, where it might be difficult for the eNB to determine the exact number of repetitions required for the following retransmission.
Observation 2: Early termination indicator is beneficial at high PUSCH repetitions when the repetition granularity is coarse.
Proposal 2: Allow early termination for PUSCH transmission in at least CE Mode B by transmitting an explicit UL HARQ-ACK feedback to the UE during the PUSCH transmission.

Since a new DCI would be designed for explicit UL HARQ-ACK, it may be useful to consider other indicators that can be included in this DCI.  One such indicator can be a change in frequency hopping patterns.  For example in Figure 1, the UE is initially scheduled to hop between f1 and f2.  If the eNB determines that one of the frequencies hopped to e.g. f1, is experiencing a deep fade, it can indicate to the UE to skip that frequency to conserve power.  It can of course also tell the UE to use a different frequency hopping pattern or stop frequency hopping.  This also allows the eNB flexibility in scheduling uplink resources so that the eNB does not need to commit one or two narrowbands for a very long period of time.
Proposal 3: Consider indicating a change in frequency hopping pattern for an ongoing PUSCH transmission in CE Mode B.  This frequency hopping change indicator can be transmitted in a separate field in the DCI carrying the explicit UL HARQ-ACK feedback.

[image: ]
[bookmark: _Ref490153800]Figure 1: Frequency hopping change indication

Early termination of PUSCH transmission requires that the UE constantly monitors the downlink for an explicit UL HARQ-ACK feedback whilst transmitting PUSCH in the uplink, which is only possible for FD-FDD UEs and hence this solution does not work for HD-FDD.  For HD-FDD a different solution is therefore required.
Observation 3: Indication of early termination of PUSCH repetition requires the UE to constantly monitor in the downlink for this indication and is not practical for HD-FDD.

For HD-FDD, it is not practical for the UE to switch to the downlink and monitor the search space for a possible early termination of PUSCH repetitions.  However, in CE Mode B, uplink compensation gaps (UCG) are provided for the UE at every 256 ms, where the UE switches from uplink transmission to the downlink for 40 ms in order to maintain frequency synchronisation with the eNB [6].  Since the UE needs to switch to the downlink during UCG, the UCG is a practical time to provide an early termination indicator.  This is shown in Figure 2, where during a UCG, an early termination indicator can be sent to the UE at the end of the UCG, assuming that the UE would need to obtain frequency synchronisation prior to reading the early termination indicator.
[image: ]
[bookmark: _Ref477962265]Figure 2: Early termination indicator in UCG

Proposal 4: For HD-FDD UE, early termination indicator for PUSCH repetition is provided during the UE’s uplink compensation gaps.

Since the UCG is for the UE to maintain frequency synchronisation with the eNB such that the FTO is at a tolerable level, the UE may require the full length of the UCG.  If this is the case, then it may be beneficial to provide synchronisation signals, e.g. a known sequence, to the UE during the UCG but prior to the early termination indicator as shown in Figure 3, so that UE can obtain frequency synchronisation faster, in time, to receive and decode the early termination indicator.  We do not expect any significant increase in power consumption in providing the early termination indicator to the UE since the UE anyway needs to perform downlink reception/synchronisation during UCG.  Blind decoding can be eliminated by always transmitting the early termination indicator in the UCG once it is configured for the UE, i.e. the early termination indicator would indicate whether to “terminate” or “continue” the PUSCH repetitions.
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[bookmark: _Ref477963432]Figure 3: Synchronisation sequence prior to early termination indicator

Proposal 5: Introduce additional synchronisation signal (e.g. sequence) to the HD-FDD UE during UCG and prior to the transmission of early termination indicator.

3.   Conclusion
In this contribution we discuss some aspect of using early termination of PUSCH repetition for HD-FDD UE.  We observe the following:
Observation 1: Multiplexing UL HARQ-ACK feedbacks for multiple UEs in a single common DCI is not efficient and may increase scheduler complexity.
Observation 2: Early termination indicator is beneficial at high PUSCH repetitions when the repetition granularity is coarse.
Observation 3: Indication of early termination of PUSCH repetition requires the UE to constantly monitor in the downlink for this indication and is not practical for HD-FDD.

We therefore propose the following:
Proposal 1: The explicit UL HARQ-ACK feedback is carried by a UE specific DCI.
Proposal 2: Allow early termination for PUSCH transmission in at least CE Mode B by transmitting an explicit UL HARQ-ACK feedback to the UE during the PUSCH transmission.
Proposal 3: Consider indicating a change in frequency hopping pattern for an ongoing PUSCH transmission in CE Mode B.  This frequency hopping change indicator can be transmitted in a separate field in the DCI carrying the explicit UL HARQ-ACK feedback.
Proposal 4: For HD-FDD UE, early termination indicator for PUSCH repetition is provided during the UE’s uplink compensation gaps.
Proposal 5: Introduce additional synchronisation signal (e.g. sequence) to the HD-FDD UE during UCG and prior to the transmission of early termination indicator.
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