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1 Introduction

In RAN1 #90bis meeting, the following agreements on uplink HARQ-ACK feedback were made for efeMTC [1]: 
Agreement:

· 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

Agreement:

· 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.

· 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

In addition, RAN1 #91 meeting made the following agreement and working assumption [2]:

Agreement:
· For the explicit HARQ-ACK feedback signaling,

· For CE mode A, unused state(s) in the “resource assignment” field in DCI format 6-0A is used to indicate explicit HARQ-ACK feedback for a single UE.

· FFS: If other fields are set to predetermined values

· For CE mode B, unused state(s) in the “MCS” field in DCI format 6-0B is used to indicate explicit HARQ-ACK feedback for a single UE.

· FFS: If other fields are set to predetermined values

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).

In this contribution, we share our views on the further design details of explicit HARQ-ACK feedback for PUSCH in efeMTC, including the configuration, physical design, and applicable scenarios of explicit UL HARQ-ACK feedback. 
2 Configuration and design of explicit UL HARQ-ACK
It should be UE capability to support the explicit UL HARQ-ACK feedback for efeMTC. This feature can be enabled/disabled semi-statically via higher layer signalling, depending on UE capability. 
For UE-specific UL HARQ-ACK feedback, to reduce DL overhead, the UL HARQ-ACK feedback may present only when there is an ACK. As agreed in RAN1 #91 meeting [2], one reserved state can be used for the indication of ACK, e.g. setting all ‘1’s in the resource block assignment field in DCI format 6-0A and setting all ‘1’s in the MCS field in DCI format 6-0B for HARQ-ACK feedback indication. To improve the reliability of the UL HARQ-ACK, it is preferred to set the other fields in the DCI to default values, which can be used as validation bits.

Regarding whether to support UE-group UL HARQ-ACK feedback, if one HARQ-ACK feedback is associated to a group of UEs, the scheduling of these UEs need to be aligned in the time domain. In addition, to transmit HARQ-ACK feedback more efficiently, it is preferred to group UEs with similar coverage together, as these UEs require the similar number of HARQ-ACK feedback repetitions. As the UE-group UL HARQ-ACK feedback should be transmitted in the common search space while CE mode B has no common search space defined in current eMTC design, a new common search space needs to be introduced. All the UEs in the same group need to monitor the new CSS on the same NB. On the other hand, the other CSS/USS for these UEs may be configured on different NBs, which makes the early termination by a new UL grant for these UEs impossible. These constraints would limit the scheduling flexibility and the applicability of UE-group HARQ-ACK feedback. Moreover, the probability that the PUSCH transmissions from different UEs in the group are received successfully at the same time is very low. This implies that the ACK feedback for some UEs will be delayed due to the on-going transmission of other UEs in the same group, which would impair the benefits in UE power saving from explicit HARQ-ACK feedback. Considering all the above constraints and the impact on the achievable benefits, it is not preferred to support UE-group UL HARQ-ACK feedback in efeMTC.  
Proposal 1:

· The explicit HARQ-ACK feedback is configured semi-statically via higher layer signalling, depending on UE capability. 
Proposal 2:

· Adopt validation bits to improve the reliability of HARQ-ACK feedback.
· The fields other than the resource block assignment field in DCI format 6-0A and MCS field in DCI format 6-0B are set to default values as validation bits. 
Observation 1:

· The UE-group UL HARQ-ACK feedback leads to the following impacts and should be studied carefully: 
· Limitations on the scheduling flexibility due to: 

· The scheduling of UEs in the same group should be aligned.
· The UEs in the same group should be in similar coverage.

· UEs need to monitor the new CSS on the same NB, which makes termination based on new UL grant very challenging. 
· CSS needs to be introduced for CE mode B.
· Impair on the achievable power saving gain, as the ACK feedback may be delayed due to the on-going PUSCH transmissions of other UEs in the same group. 
Proposal 3:

· The UE-group UL HARQ-ACK feedback is not supported.
3 Applicable scenario of explicit UL HARQ-ACK 
Depending on RAN2’s inputs, if the new feedback signaling would not be used for other potential use cases such as termination of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions), then a common design for both the early termination of MPDCCH monitoring before RRC release and the early termination of PUSCH transmission is sufficient. In cases where the PUSCH carries the acknowledgement confirming the reception of RRC Connection Release message, once the UE receives the ACK for the PUSCH transmission regardless of whether the ACK feedback terminates the on-going PUSCH transmission or terminates the MPDCCH monitoring after the completion of PUSCH transmission, the UE knows that there is no upcoming DL/UL data and can go to Idle mode. 
Proposal 4:

· Depending on inputs from RAN2, if no other use cases are supported for the new feedback signaling, adopt a common design for the early termination of MPDCCH monitoring before RRC release and for the early termination of PUSCH transmission.
4 Conclusion

In this contribution, we discuss the design of explicit UL HARQ-ACK feedback for efeMTC to reduce the UE power consumption and latency. Based on the discussions, we make the following observation and proposals:

Observation 1:

· The UE-group UL HARQ-ACK feedback leads to the following impacts and should be studied carefully: 
· Limitations on the scheduling flexibility due to: 

· The scheduling of UEs in the same group should be aligned.

· The UEs in the same group should be in similar coverage.

· UEs need to monitor the new CSS on the same NB, which makes termination based on new UL grant very challenging. 
· CSS needs to be introduced for CE mode B.
· Impair on the achievable power saving gain, as the ACK feedback may be delayed due to the on-going PUSCH transmissions of other UEs in the same group. 
Proposal 1:

· The explicit HARQ-ACK feedback is configured semi-statically via higher layer signalling, depending on UE capability. 
Proposal 2:

· Adopt validation bits to improve the reliability of HARQ-ACK feedback.
· The fields other than the resource block assignment field in DCI format 6-0A and MCS field in DCI format 6-0B are set to default values as validation bits. 
Proposal 3:

· The UE-group UL HARQ-ACK feedback is not supported.
Proposal 4:

· Depending on inputs from RAN2, if no other use cases are supported for the new feedback signaling, adopt a common design for the early termination of MPDCCH monitoring before RRC release and for the early termination of PUSCH transmission.
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