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1 Introduction
In RAN #75 meeting, new WID RP-170732 on Even further enhanced MTC for LTE was agreed as working agreement [1]. One of the objectives is to reduce power consumption.
Improved power consumption:

· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
In RAN1 #88bis meeting, the following agreements were achieved for enhancement of UL HARQ-ACK feedback [2].
· For the purpose of evaluations of HARQ-ACK feedback for UE power saving:

· At least the following two options are considered for HARQ-ACK feedback channel:

· Option 1: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission

· Option 2: One HARQ-ACK feedback channel for a single UE PUSCH in one transmission

· Detailed design on HARQ-feedback channel FFS among at least the following options:

· PHICH-like channel

· MPDCCH with reduced DCI size(s)

· MPDCCH with existing DCI size(s)

· Early termination of PUSCH transmission and/or MPDCCH monitoring are considered.

· The detailed solutions can be different for HD-FDD and FD-FDD/TDD.

In this contribution, we discuss detailed design on the enhancement of UL HARQ-ACK feedback for MTC.
2 Early PUSCH termination
In Rel-13 eMTC, PHICH-less operation is performed, and HARQ-ACK feedback for PUSCH is achieved by DCI for UL grant. ACK feedback is assumed if UE has not received UL grant or NDI field in UL grant indicates new data scheduled. NACK feedback is assumed if NDI field in UL grant indicates retransmission scheduled. In addition, HARQ-ACK feedback for PUSCH would be monitored only after PUSCH transmission with configured number of repetitions has finished. Due to inaccurate measurement result and large repetition granularity design, selected repetition number of PUSCH (re)transmission may be much larger than the actual required repetition number for correct decoding, especially for enhanced coverage. Thus, PUSCH would be successfully decoded early. Based on existing mechanism, even if PUSCH has been successfully decoded early, the eMTC UE would not monitor the HARQ-ACK feedback before the end of PUSCH repetitions. In this case, the unnecessary power and resource consumptions may be caused due to unnecessary PUSCH repetitions. 

[image: image1.emf]UL

DL

ACK feedback

PUSCH

Successfully decoded


Figure 1 Example of early PUSCH termination based on reception of ACK feedback
To optimize above scenario, when eNB has successfully decoded PUSCH before finish of PUSCH (re)transmission with configured number of repetitions, it is preferred that ACK feedback is transmitted by eNB to early terminate unnecessary PUSCH repetitions as shown in Figure 1. Accordingly, when ACK feedback from eNB is detected, UE would stop PUSCH repetitions. Depending on the reception of ACK feedback to early terminate PUSCH repetitions, the unnecessary power and resource consumptions caused by unnecessary PUSCH transmission can be avoided. 
For early PUSCH termination, the following two cases should be considered:

· Case-1: There is UL grant for scheduling new data to be transmitted by eNB. 
· Case-2: There is not any UL grant for scheduling new data to be transmitted by eNB. 
For Case-1, ACK feedback based on UL grant can be reused to early terminate PUSCH (re)transmission. In this case, UL grant for scheduling new data is transmitted in advance, and no additional overhead for ACK feedback would be caused. For Case-2, a new ACK feedback channel needs to be defined for early PUSCH termination. In this case, additional overhead for ACK feedback would be caused. As a choice, eNB can determine whether to early terminate PUSCH repetitions by using the new ACK feedback channel based on the following aspects: overhead caused by the new ACK feedback channel, overhead saved by early PUSCH termination, and if there has available downlink resource for the new ACK feedback channel. 
Proposal 1: Early PUSCH termination is realized by existing UL grant if eNB has new UL data to be scheduled. 
Proposal 2: Early PUSCH termination is realized by a new ACK feedback channel if eNB has no UL data to be scheduled. 
3 ACK feedback based on UL grant
When early PUSCH termination is supported only for Case-1 (there is UL grant to be transmitted by eNB), ACK feedback based on existing UL grant can be reused to early terminate PUSCH (re)transmission. In this case, the following two options can be considered for UE-specific search space for reception of UL grant: 
· Option 1: Defining new search space separated from existing USS. 
· Option 2: Reusing existing USS. 
For Option 1, an additional search space besides USS needs to be monitored by UEs, thus additional power consumption would be caused by monitoring this additional search space for UL grant. But for early PUSCH termination, only this additional search space for UL grant needs to be monitored by UEs during PUSCH (re)transmission, so power consumption increase caused by monitoring this additional search space would be much lower than power saving by early PUSCH termination. For Option 2, interval of existing USS is semi-static configured by RRC, which is not matched with dynamic PUSCH scheduling. For configuration of small USS interval, unnecessary power consumption would be caused due to frequently monitoring of USS. For configuration of large USS interval, the reduction of power and resource consumption caused by early PUSCH termination may be minor. 

From the perspective of improving DL scheduling flexibility, transmission of DL assignment in this new search space should not be precluded. In other words, in this new search space, both UL grant and DL assignment should be monitored. 
Proposal 3: For ACK feedback based on UL grant, new search space is supported during PUSCH repetitions. 
· In new search space, both UL grant and DL assignment should be monitored. 
4 ACK feedback based on new ACK feedback channel
For Case-2 (there is no UL grant to be transmitted by eNB), if early PUSCH termination is supported, a new ACK feedback channel should be defined. For new ACK feedback channel design, the following three options can be considered: 
· Option 1: New UE-specific DCI structure for one ACK feedback for a single PUSCH. 
· Option 2: New common DCI structure for multiple ACK feedbacks for multiple UE’s PUSCHs. 
· Option 3: Enhanced PHICH (i.e., PHICH-like) structure for one ACK feedback for a single PUSCH. 
The additional ACK feedback overhead caused by Option 2 would not be more than that caused by Option 1. In other words, compared with Option 1, Option 2 is beneficial for overhead reduction, even though the benefit of the overhead reduction is conditional, i.e., time alignment of different PUSCH transmissions from multiple UEs should be ensured. For Option 3, relatively small resource overhead can be expected. For example, the eNB can map the coded ACK on the first available OFDM symbol of a narrowband, as shown in Figure 2. But it also has the following disadvantages: 1) not helpful to backward compatibility, 2) relatively lower detection accuracy, 3) the physical resource for enhanced PHICH transmission needs to be reserved and cannot be used for MPDCCH and PDSCH, which reduces the available resources for MPDCCH and PDSCH, 4) relatively larger standardization impact would be expected. 
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Figure 2 Example of OFDM symbol occupied by enhanced PHICH

To support reception of common DCI, new common search space should be defined. In order to achieve dynamic switch between ACK feedback based on UL grant for Case-1 and ACK feedback based on common DCI for Case-2, in this new common search space for common DCI reception, at least UL grant and common DCI should be monitored. In addition, from the perspective of improving DL scheduling flexibility, transmission of DL assignment in this new common search space should not be precluded. In other words, in this new common search space, UL grant, DL assignment and common DCI should be monitored. On the other hand, from the perspective of reducing number of blind detections, and considering that using reduced DCI size is not beneficial for maximizing overhead reduction caused by multiple ACK feedbacks, reusing existing DCI size for common DCI is preferred. 
Proposal 4: For new ACK feedback channel, if common DCI structure is supported:  

· In the new common search spaces, UL grant, DL assignment and common DCI should be monitored. 
· The size of common DCI is the same as existing DCI size. 

5 Consideration on HD-FDD
For HD-FDD, in order to avoid unnecessary power consumption and resource consumption caused by unnecessary PUSCH transmission, early PUSCH termination should also be supported.  In order to achieve early PUSCH termination for HD-FDD, reception of UL grant/new ACK feedback channel has to be done during UL gap. For UL gap for reception of UL grant/new ACK feedback channel, the following two options can be considered. 
· Option 1: Reusing existing UL gap for reception of UL grant/new ACK feedback channel. 
· Option 2: Defining new UL gap for reception of UL grant/new ACK feedback channel. 
For Option 1, existing UL gap would be used for DL time/frequency synchronization and reception of UL grant/new ACK feedback channel at the same time. In this case, higher UE processing capability should be required, e.g., at least an acceptable performance of DL time/frequency synchronization should be achieved before receiving UL grant/new ACK feedback channel. For option 2, the performance of time/frequency synchronization would not be affected by reception of UL grant/new ACK feedback channel. For example, the new UL gap for reception of UL grant/new ACK feedback channel can be pre-configured to be close to existing UL gap as shown in Figure 3(a), or determined not depending on existing UL gap as shown in Figure 3(b). For the former, the performance of reception of UL grant/new ACK feedback channel may be improved due to calibration of DL time/frequency synchronization. 
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Figure 3 Example of new UL gap for reception of ACK feedback 
Proposal 5: For HD-FDD, early PUSCH termination should be supported. 
· The design of UL gap and reception of UL grant/new ACK feedback channel during UL gap should be studied. 
6 Conclusions
In this contribution, we have discussed enhancement of UL HARQ-ACK feedback for MTC. We make the following proposals: 
Proposal 1: Early PUSCH termination is realized by existing UL grant if eNB has new UL data to be scheduled. 

Proposal 2: Early PUSCH termination is realized by a new ACK feedback channel if eNB has no UL data to be scheduled.
Proposal 3: For ACK feedback based on UL grant, new search space is supported during PUSCH repetitions. 
· In new search space, both UL grant and DL assignment should be monitored. 

Proposal 4: For new ACK feedback channel, if common DCI structure is supported:  

· In the new common search spaces, UL grant, DL assignment and common DCI should be monitored. 

· The size of common DCI is the same as existing DCI size. 

Proposal 5: For HD-FDD, early PUSCH termination should be supported. 

· The design of UL gap and reception of UL grant/new ACK feedback channel during UL gap should be studied. 
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