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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#92 we agreed the following:
· Upon receiving a PUSCH early termination DCI ending in subframe n, the UE shall stop the ongoing PUSCH transmission no later than in subframe n+k, with k following legacy MPDCCH-to-PUSCH timing.
· For HD-FDD, early termination of PUSCH transmission is not supported in Rel-15.

This contribution discusses remaining issues in specifying explicit HARQ-ACK for efeMTC.
2. Discussions
2.1 Group Common DCI
One of the remaining issues for explicit HARQ-ACK is whether to introduce a Group Common DCI to provide HARQ-ACK feedbacks to multiple UEs.  The drawbacks in using this scheme are:
1. 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.
2. It is unclear how this can be used for early termination of PUSCH repetition.  It is challenging for the scheduler to ensure that all PUSCH need to end at the same time including those with early PUSCH termination.
3. Multiplexing of multiple UEs would lead to a larger than required DCI size leading to higher repetitions for each individual UE. 
In [1] it is proposed that each HARQ-ACK feedback field in a GC-DCI acknowledges a specific PUSCH resource and hence the eNB does not need to perform prior UE grouping into a GC-DCI.  However, there can be a lot of PUSCH resources that can be used in a system bandwidth which may either mean that the GC-DCI would need a lot of fields, one for each PRB in the system bandwidth, or there need to be some restrictions imposed on which PUSCH resources can be allocated.  Furthermore this does not address issues 2 and 3 above.
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 only by a UE specific DCI.
2.2 MPDCCH Search Space for Early Repetition Termination (ERT)
In [2], it is noted that the periodicity of the MPDCCH UE Specific Search Space (USS) may not provide opportunities to signal an early PUSCH repetition termination (ERT).  An example is shown in Figure 1 where the periodicity of the MPDCCH USS is PMPDCCH.  Here the scheduled PUSCH transmission between t1 and t2 does not overlap any MPDCCH USS and since the ERT indicator is carried by MPDCCH, there is no opportunity for the eNB to transmit an ERT indicator for this PUSCH transmission.
[image: ]
[bookmark: _Ref506480844]Figure 1: MPDCCH periodicity prevents ERT indicator transmission

On providing an opportunity to transmit an ERT indicator for a PUSCH repetition, it should be noted that the MPDCCH periodicity PMPDCCH is a function of the maximum MPDCCH repetition RMAX plus an offset OMPDCCH as shown in Figure 2.  The values for OMPDCCH are {1, 1.5, 2, 2.5, 4, 5, 8, 10} subframes.  Typically the repetition for PUSCH is longer than that for MPDCCH since MPDCCH benefits from higher transmission power in the downlink and carries less load.  Also we expect ERT to be used for long PUSCH repetitions, which means the RMAX is likely much larger than OMPDCCH.  Hence we expect that the PUSCH repetition will overlap part of or multiple MPDCCH USS.
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[bookmark: _Ref506481352]Figure 2: Opportunities for transmission of ERT

Observation 2: The PUSCH repetition is likely to overlap part of and/or multiple MPDCCH USS.

The ERT can therefore be transmitted using MPDCCH candidates that overlap the PUSCH transmission.  For example in Figure 3, we have an MPDCCH SS with periodicity of PMPDCCH and offset OMPDCCH.  At time t1, the UE receives an uplink grant from an MPDCCH candidate with repetition R1 shown highlighted in blue, which schedules a PUSCH transmission of RPUSCH repetitions that starts at time t2.  It can be observed that there are MPDCCH candidates that overlap this PUSCH transmission between time t3 and t8 highlighted in beige.  These candidates, which consist of the remaining MPDCCH SS that schedules the uplink grant (i.e. unblocked candidates), and those in subsequent MPDCCH SS, can act as a search space for the transmission of ERT.
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[bookmark: _Ref506481961]Figure 3: Using overlapping candidates for transmission of ERT

Observation 3: The MDPDCCH candidates that overlap the PUSCH transmission can be monitored for Early PUSCH Repetition Termination indicator.

Referring to Figure 3 again, it can be observed that there isn’t much point monitoring for an ERT if it is carried by the MPDCCH candidate starting at time t7 with repetition R1, since by the time the ERT is received at the UE, the PUSCH transmission would have ended.  Similarly some candidates that occur at the beginning of the PUSCH transmission are also not suitable since the PUSCH is not expected to be received successfully at this early stage.  Hence, we can exclude these candidates, for example in Figure 4 we do not include all candidates that overlap the PUSCH transmission but exclude those that are within TSTART from the start of the PUSCH transmission and those that fall within TEND from the end of the PUSCH transmission, i.e. the candidates between time t4 and t7 in Figure 4 are candidates for ERT.  These candidates can form a search space for ERT monitoring.  If there is no MPDCCH candidate within the time window between TSTART from the beginning of PUSCH and TEND from the end of the PUSCH transmission, then the UE does not need to monitor for ERT.
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[bookmark: _Ref506483165]Figure 4: MPDCCH candidates for transmission of ERT

Observation 4: MPDCCH candidates overlapping the PUSCH transmission that are located too early in the transmission or too late in the transmission are not suitable to carry ERT.
Proposal 2: The MPDCCH candidates overlapping the PUSCH transmission, excluding those within TSTART from the beginning of the PUSCH transmission and TEND from the end of the PUSCH transmission, are used for monitoring of an ERT indicator.
Proposal 3: If there is no MPDCCH candidate overlapping the time window between TSTART from beginning of PUSCH transmission and TEND from end of the PUSCH transmission, then the UE does not need to monitor for ERT during this PUSCH transmission.

2.3 Use Cases for Explicit HARQ-ACK
In RAN1#91, we made the following working assumption regarding use cases for explicit HARQ-ACK:
· 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).

An LS [3] was sent to RAN2 where for the early termination of MPDCCH, RAN1 identified 2 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 also noted in the LS that if Case 2 above is not used in RAN2, RAN1 would revisit the working assumption.  RAN2 has responded to this LS in [4] regarding Case 2 as follows:
· 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.
Since RAN2 does not support Case 2, RAN1 shall revisit this working assumption.  Here we do not see the need or benefit to have two separate indications to acknowledge for the early termination of MPDCCH monitoring and PUSCH.  This is because the early termination of MPDCCH monitoring is basically a HARQ acknowledgement to the PUSCH transmission carrying the RRCConnectionRelease message, which effectively is an explicit HARQ-ACK for a PUSCH.  Since we use the same explicit HARQ-ACK for early termination of PUSCH repetitions and also for acknowledging a PUSCH HARQ (re)transmission, there is no need to introduce yet another explicit HARQ-ACK solely for the early termination of MPDCCH monitoring.
[bookmark: _GoBack]Proposal 4: 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 (with and without early termination of MPDCCH monitoring)
 

3.   Conclusion
In this contribution we discuss the remaining aspects in introducing explicit HARQ_ACK.  We observed 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: The PUSCH repetition is likely to overlap part of and/or multiple MPDCCH USS.
Observation 3: The MDPDCCH candidates that overlap the PUSCH transmission can be monitored for Early PUSCH Repetition Termination indicator.
Observation 4: MPDCCH candidates overlapping the PUSCH transmission that are located too early in the transmission or too late in the transmission are not suitable to carry ERT.

We therefore propose the following:
Proposal 1: The explicit UL HARQ-ACK feedback is carried only by a UE specific DCI.
Proposal 2: The MPDCCH candidates overlapping the PUSCH transmission, excluding those within TSTART from the beginning of the PUSCH transmission and TEND from the end of the PUSCH transmission, are used for monitoring of an ERT indicator.
Proposal 3: If there is no MPDCCH candidate overlapping the time window between TSTART from beginning of PUSCH transmission and TEND from end of the PUSCH transmission, then the UE does not need to monitor for ERT during this PUSCH transmission.
Proposal 4: 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 (with and without early termination of MPDCCH monitoring)
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