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1 Introduction

In RAN1#88bis, the following was agreed for uplink HARQ-ACK feedback [1]:
	Agreements:
· 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 RAN1#89, the following agreement was reached for uplink HARQ-ACK feedback [2]:
	Agreement:

· If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.


It is a common view that UL HARQ-ACK feedback is beneficial for reducing the power consumption of the MTC UE and improving efficient use of UL resources. In this contribution, we give some further considerations on the design of HARQ-ACK feedback channel.
2 Discussion
As analyzed in [3], early termination of PUSCH can achieve significant power saving, and thus extend the battery life. Also the UL resource of the system can be more efficiently utilized, since unnecessary retransmissions can be avoided. Considering the benefit brought by the early termination, explicit UL HARQ-ACK feedback should be supported.
For early termination of MPDCCH monitoring, from the UE point of view, it can naturally stop monitoring if the MPDCCH is decoded successfully. From the eNB point of view, the eNB is not power limited, but the system may be able to reduce the cost of MPDCCH resource. If it is proved to be significantly beneficial, further study on termination of MPDCCH can be considered.
Proposal 1: Explicit UL HARQ-ACK for PUSCH is supported.
Based on the agreement from RAN1#89, the explicit UL HARQ-ACK feedback is based on MPDCCH if it is supported. If the newly introduced HARQ-ACK feedback channel has different size from the existing UL grant (e.g. DCI format 6-0A in CE mode A), the UE has to monitor two different DCI sizes, which will increase the complexity of blind detection. To reduce the cost brought by the new HARQ-ACK feedback channel, it can be designed as the same size as the existing UL grant, i.e. the same with DCI format 6-0A in CE mode A and the same with DCI format 6-0B in CE mode B, respectively.
Proposal 2: The size of the UL HARQ-ACK feedback channel is the same as the existing UL grant.
As concluded in RAN1#88bis, there are two options for designing the feedback channel:
Option 1: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission

One HARQ-ACK indicating multiple UE PUSCHs is efficient when scheduling PUSCHs from multiple UEs at the same time. Similar to group TPC commands, e.g. DCI format 3B, different fields in the HARQ-ACK feedback can be used to indicate the ACK/NACK of HARQ processes of different UEs. With the limit of the size (e.g. the same with DCI format 6-0A/6-0B), the more UEs to be indicated, fewer HARQ processes can be indicated for each UE.
Generally there could be two ways to indicate the ACK/NACK to different UEs. One way is that each field of the HARQ-ACK feedback channel is allocated to one UE, where one or more HARQ process can be indicated, as illustrated in Figure 1.
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Figure 1 Each field of the HARQ-ACK feedback channel is allocated to one UE
For this method, it is more suitable for the case where the UE group is relatively stable. If the UE group is frequently changed, or the percentage of the active UE of the UE group is low, the efficiency of this method may not be good.

Another way can be that each field of the feedback channel indicates the ACK/NACK of one HARQ process in a predefined resource, e.g. one RB. The UE can be informed if its transmission is successful or not since it knows which resource(s) belongs to it, as shown in Figure 2.
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Figure 2 Each field of the feedback channel indicates the ACK/NACK of one HARQ process in a resource
For this method, it is more suitable for the case where the UL resource utilization of the system is relatively high. If the system resource utilization is quite low, e.g. the mapping of one-UE to multiple resources is rare and most of the fields in the feedback channel are left unused, the efficiency would be lowered. Suitable RNTIs would need to be introduced according to the design of the feedback channel.
Proposal 3: For Option 1, the HARQ-ACK feedback channel can be divided into several fields, where each field is allocated to one UE or one predefined resource.
Option 2: One HARQ-ACK feedback channel for a single UE PUSCH in one transmission

One HARQ-ACK indicating the PUSCHs from a single UE is another option. For Option 2, the feedback channel can indicate more HARQ processes of one UE, when compared to Option 1. Figure 3 gives an example of this method.
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Figure 3 Each field of the feedback channel indicates the ACK/NACK of one HARQ process of one UE
For Option 2, it is more suitable for the UEs in CE mode A, since the HARQ process number (i.e. 8) is much higher than that in CE mode B. It is unnecessary to design a resource-based indication for Option 2 since the feedback is UE specific, and thus indicating the ACK/NACK of the HARQ process is more direct and clear.
Proposal 4: For Option 2, the HARQ-ACK feedback channel can be divided into several fields, where each field indicates one HARQ process of a UE.

Option 1 has an advantage when the number of UEs needing to feedback is large, while Option 2 has an advantage with fewer UEs when the ACKs/NACKs of multiple HARQ processes of each UE need to be indicated. Which option is better depends on the actual deployment, e.g. number of UE (in CE Mode A and CE Mode B, respectively), the ratio of active UEs to total UEs, etc. Both methods should be considered.   
3 Conclusion
In this contribution, we give our preliminary considerations on the design of HARQ-ACK feedback channel. The proposals are concluded as follows:
Proposal 1: Explicit UL HARQ-ACK for PUSCH is supported.
Proposal 2: The size of the UL HARQ-ACK feedback channel is the same as the existing UL grant.

Proposal 3: For Option 1, the HARQ-ACK feedback channel can be divided into several fields, where each field is allocated to one UE or one predefined resource.
Proposal 4: For Option 2, the HARQ-ACK feedback channel can be divided into several fields, where each field indicates one HARQ process of a UE.
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