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1 Introduction

In RAN1#89, the following agreement was reached for uplink HARQ-ACK feedback [1]:
	Agreement:

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


In RAN1#90, it was agreed that explicit HARQ-ACK feedback is supported for early termination of MPDCCH monitoring before going to sleep [2]:
	Agreement:
· Explicit HARQ-ACK feedback is supported for the following purpose(s):

· Early termination of MPDCCH monitoring before going to sleep (details up to RAN2)

· FFS: Early termination of PUSCH transmission at least in FD-FDD and TDD

· The introduction of explicit HARQ-ACK feedback shall not increase the maximum number of MPDCCH blind decoding attempts.


How to support the early termination of PUSCH transmission is still an open question. As agreed by most companies, early termination of PUSCH would be 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
2.1 General views on HARQ-ACK feedback

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 early termination, explicit UL HARQ-ACK feedback should be supported.
It can be argued that reducing the number of PUSCH repetitions can be fulfilled by implementation methods to some degree, for example, by increasing the initial BLER and triggering a small number of repetitions repeatedly. However, it may not be easy for an eNB to evaluate the UL channel explicitly enough to design the most suitable increased BLER and the reduced retransmission time. Also, the error of channel estimation may deteriorate the performance of such methods. 

Compared to the implementation methods, early termination of PUSCH is a more robust and flexible mechanism, and should be enabled by specification at least for UEs in FD-FDD and TDD. This may be an optional capability of UE. For the UE not supporting this feature, it can work in the same manner as in Rel-14.
Proposal 1: Explicit UL HARQ-ACK for PUSCH is supported at least for FD-FDD and TDD.
Based on the agreement from RAN1#89, the explicit UL HARQ-ACK feedback is based on MPDCCH if it is supported. Also in RAN1#90, the agreement emphasized that the introduction of explicit HARQ-ACK feedback shall not increase the maximum number of MPDCCH blind decoding attempts. 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.
2.2 Details on design HARQ-ACK feedback

Generally, there are two options for designing the feedback channel: 1) Use a compact common DCI to indicate the HARQ-ACK feedback of multiple UEs. 2) Use a UE-specific DCI to indicate the HARQ-ACK feedback of one certain UE. Which alternative is more suitable depends on the real world deployment. 
Option 1 is capable of providing feedback to multiple UEs. A compact common DCI including multiple fields can be considered, where each field in the DCI can indicate the ACK/NACK of a HARQ process. Similar to the group TPC command, e.g. DCI format 3B, a direct way is to group the UEs with a group-RNTI, and pre-allocate the fields in the DCI to different UEs. If a UE is allocated with more than one field, then multiple HARQ processes of this UE can be indicated. The efficiency of Option 1 is affected by the actual number of the active UEs in the group. Due to the possible large number of eMTC UEs and independent triggering of UL transmissions, the eNB may still have to transmit multiple compact common DCIs for a small number of UEs. Possible improvement will be discussed later.
For Option 2, it is more suitable for the case when the number of UEs is small while the number of HARQ processes of each UE is large, e.g. UEs in CE mode A. This method is relatively simple, since DCI format 6-0A/B can be reused. Then the requirement of no additional blind decoding complexity is naturally fulfilled. But it is hard for this method to handle the case where plenty of UEs are deployed in a cell, which is considered as a characteristic scenario of IoT in the future.
Option 1: Compact common DCI with multiple UEs’ feedback
For Option 1, one HARQ-ACK DCI can indicate multiple HARQ processes of same or different UEs, which would be efficient when scheduling PUSCHs from multiple UEs at the same time. As mentioned above, different fields in the HARQ-ACK feedback can be used to indicate the ACK/NACK of HARQ processes of different UEs. The grouping and indication mapping should be further studied.
The DCI format 6-0A/B [4] payload size of different UEs may be different due to some UE-specific higher layer parameter (e.g. repetition number). Even though zeros will be appended into the DCI if the payload is smaller than DCI format 6-1A/B in the same search space, it is still possible for different legacy UEs to have different payload size of DCI format 6-0A/B (due to different size of DCI 6-1A/B). This will lead to inconvenience when using one common DCI to indicate the HARQ-ACK feedbacks of different UEs with different DCI payload size. Thus, for Rel-15 eMTC UE, if compact DCI is introduced, it should be the same size for all UEs. For example, the UEs can assume the maximum payload size of DCI 6-0A/B, with any bits not used by eNB for HARQ-ACK treated as padding bits and set to zero.
Proposal 3: For compact common DCI, the payload size is the same for all UEs in the same cell.
A direct way is to group the UEs with a group-RNTI, and pre-allocate the fields in the DCI to different UEs, as illustrated in Figure 1. 
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Figure 1 Each field of the HARQ-ACK feedback channel indicates one HARQ process
Similar to DCI format 3B, it can be assumed that the UEs are grouped into different UE groups, and the UEs in the same group are allocated with a same group-RNTI to detect the compact DCI. Each UE in the group is pre-allocated with one or more fields in the compact DCI. Hence, each field should include at least: 1) HARQ process ID (3 bits); 2) ACK/NACK indication (1 bit). If other information is also included, e.g. repetition number, TPC (for CE mode A), the size of each field will become larger. Considering the limit of payload size restricted by DCI format 6-0A/B, the available number of HARQ-ACKs to feedback will be reduced. Note that the grouping of UE will also affects the efficiency of feedback. In the worst case, N different UEs who are transmitting PUSCH belong to N different groups, and therefore the eNB will still have to transmit N DCIs for HARQ-ACK feedback. Hence, the performance of the method highly depends on the grouping of UE and the percentage of the active UEs in a group. If the UE group is frequently changed, or the percentage of the active UEs of the UE group is low, the efficiency of this method will not be good. 
A resource-based compact common DCI can avoid the above drawbacks. In this method, 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) belong 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
Compared to group-TPC-like DCI, this method has several advantages. First, it does not have to indicate the HARQ process ID, which brings higher efficiency. The relationship of the field and the resource can be predefined. Since each of the HARQ process is allocated with a certain resource(s), the HARQ-ACK will be automatically indicated by one or more fields in the DCI. Second, it does not have to divide the UEs into different groups explicitly. Each HARQ-ACK DCI can be defined to indicate the HARQ process(es) in a range of resources. UEs which have the ability of detecting the HARQ-ACK feedback, can monitor the appropriate feedback DCI and find whether its own HARQ process(es) are ACK or NACK by checking the related field(s). So the complexity brought by UE grouping is avoided, and the performance is more stable.
Detailed aspects are FFS, for example, the indication range, granularity, etc. Thus we propose that:
Proposal 4: For a common compact DCI, the HARQ-ACK feedback channel can be divided into several fields each carrying a HARQ-ACK, where each field is applicable to one predefined PUSCH resource.
Option 2: UE-specific DCI for PUSCH feedback of one UE
One HARQ-ACK DCI indicating the ACK/NACKs for the processes from a single UE is another option, illustrated in Figure 3. 
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Figure 3 Each field of the feedback channel indicates the ACK/NACK of one HARQ process of one UE
By pre-defining the mapping between the fields and HARQ processes, Option 2 does not need to indicate the HARQ process number. Thus, only 8 bits and 2 bits are needed for CE mode A and CE mode B, respectively. To simplify the design and specification work, we suggest to reuse the legacy DCI format 6-0A/B to indicate the HARQ-ACK feedback. The considerations are listed as follows:

Table 1 Considerations on reusing DCI format 6-0A/B
	Indication flag
	For DCI format 6-0A, there are still some unused states in resource allocation field. One of these states can be defined as the indication that the DCI is for HARQ-ACK feedback.
For DCI format 6-0B, similarly, the unused states of TBS can be used as the flag of HARQ-ACK feedback.

	DL/UL flag
	The 1 bit flag used to differentiate the DCI format 6-0A/B and DCI format 6-1A/B should be reserved. 

	ACK/NACK indication
	8 bits for DCI format 6-0A, and 2 bits for DCI format 6-0B. These bits are from the fields in DCI format 6-0A/B excluding the indication flag and DL/UL flag.

	Others
	The remaining bits can be set to zero, or used to indicate other features if necessary.


For Option 2, it is unnecessary to design a resource-based indication, since the feedback is UE specific, and thus indicating the ACK/NACK of the HARQ process is more direct and clear. Unlike the common compact DCI, the payload size of Option 2 can also be UE-specific.
Proposal 5: For a UE-specific DCI, reuse the DCI format 6-0A/B to indicate the HARQ-ACK feedback for one UE.

· For DCI format 6-0A, the unused states of UL resource allocation can be the flag for HARQ-ACK feedback.

· For DCI format 6-0B, the unused states of UL TBS can be the flag for HARQ-ACK feedback.

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 further 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 at least for FD-FDD and TDD.
Proposal 2: The size of the UL HARQ-ACK feedback channel is the same as the existing UL grant.

Proposal 3: For compact common DCI, the payload size is the same for all UEs in the same cell.
Proposal 4: For a common compact DCI, the HARQ-ACK feedback channel can be divided into several fields each carrying a HARQ-ACK, where each field is applicable to one predefined PUSCH resource.
Proposal 5: For a UE-specific DCI, reuse the DCI format 6-0A/B to indicate the HARQ-ACK feedback for one UE.

· For DCI format 6-0A, the unused states of UL resource allocation can be the flag for HARQ-ACK feedback.

· For DCI format 6-0B, the unused states of UL TBS can be the flag for HARQ-ACK feedback.
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