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1. Introduction
The support of UL HARQ-ACK feedback for efeMTC has been studied and following agreements were achieved in the last RAN1 meetings [7].
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This is a re-submission of R1-1805026. In this contribution, we will share our consideration in UL HARQ-ACK feedback design. We will firstly analyze the HARQ-ACK feedback pattern design. Then, explicit HARQ-ACK feedback for multiple UEs will be discussed.
2. HARQ-ACK feedback pattern design

Early termination of PUSCH transmission should be considered in efeMTC based on the above agreements. When supporting the early termination, from the perspective of resource utilization, it is better that eNB could provide UL HARQ-ACK feedback immediately once it successfully decoded the UL data. UE tries to detect HARQ feedback after every UL transmission until detects HARQ-ACK. However, from the power consumption perspective, detecting HARQ-ACK in each subframe would consume more power shown in Fig. 1. 
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Figure 1 UE detects HARQ-ACK feedback after every UL transmission 
Thus, to keep a balance between UL resource utilization and UE power consumption, it is better to define specific HARQ-ACK monitoring occasions during the UL repetitions. For example, assuming the indicated repetition time of UL data is R, we can define the HARQ-ACK monitoring occasions based on a specific pattern {R/4, R/2, 3R/4, R} shown in Fig. 2. Then, UE would monitor the HARQ-ACK feedback contents in those specific occasions, and stop repetitions when detected HARQ-ACK.
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Figure 2 HARQ-ACK feedback pattern design
Proposal 1: Define specific pattern for HARQ-ACK monitoring occasions to achieve the balance between resource utilization and UE power consumption
3. Group-based HARQ-ACK MPDCCH design

For HARQ-ACK feedback, it’s still under discussion if the explicit HARQ-ACK feedback for multiple UEs is supported. In our view, considering the signaling overhead and resource consumption reduction, group-based HARQ-ACK feedback to multiple UEs in a DCI should be supported by MPDCCH. To be specific, a new group-based common DCI format including multiple HARQ-ACK feedback fields should be defined to support the group-based HARQ-ACK feedback. In addition, new group-based RNTI can be defined to identify this new common DCI format. 
For example, field in the new common DCI format maps to the UL PRB index in the system bandwidth as shown in Fig. 3. The CRC is scrambled with predefined group-based RNTI. When UE detects the HARQ-ACK feedback scrambled with group-based RNTI, it would read the HARQ-ACK in specific field based on the allocated starting UL PRB. Besides, to reduce the UE blind detecting (BD) times, the size of new group-based common DCI could be the same as legacy UL grant. Thus, introducing the new common DCI format would reduce signaling overhead and resource consumption without adding BD times. 
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Figure 3 HARQ-ACK feedback for multiple UEs in a DCI
Proposal 2: Explicit HARQ-ACK feedback for multiple UEs in a DCI should be supported to reduce the resource consumption
4. Conclusion
In this contribution, we analyzed and shared our consideration in the UL HARQ-ACK feedback design.
Proposal 1: Define specific pattern for HARQ-ACK monitoring occasions to achieve the balance between resource utilization and UE power consumption
Proposal 2: Explicit HARQ-ACK feedback for multiple UEs in a DCI should be supported to reduce the resource consumption
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Agreements: 


The working assumption from RAN1#91 is replaced by the following agreement


One unused DCI state in each CE mode is used for indicating:


Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring except for the case of acknowledging RRC Connection Release, for which MPDCCH monitoring is terminated)


Agreements: 


For the UE-specific UL HARQ-ACK feedback, ACK is indicated by DCI format 6-0A and 6-0B for CE mode A and CE mode B, respectively, by setting all fields except the ones below to default fixed value


‘Flag for format 6-0A/6-1A differentiation’ in CE mode A and ‘Flag for format 6-0B/6-1B differentiation’ in CE mode B


‘DCI subframe repetition number’ field 


‘Resource block assignment’ field in DCI format 6-0A and ‘MCS’ field in DCI format 6-0B


Values; TBD


Note Exact default fixed value is up to specification editor
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