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1 Introduction
This contribution is revised from R1-1717439.
In the RAN1#90, the following agreement is achieved for uplink HARQ-ACK feedback and early termination indication design to support work item objective of reducing power consumption:
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
Detailed consideration of explicit HARQ-ACK feedback for early termination of MPDCCH monitoring and PUSCH transmission of even further eMTC for UE power saving are presented.
2 Discussion
2.1 Explicit PUSCH HARQ ACK Functionality 
It is agreed that explicit HARQ-ACK feedback is supported for 1) early termination of MPDCCH monitoring and 2) early termination of PUSCH transmission at least in FD-FDD and TDD. An explicit positive HARQ-ACK feedback signal for the PUSCH will be transmitted to allow UE to go to sleep earlier when it is configured with DRX operation in RRC connected mode, and when the UE is being released from RRC connected mode to RRC idle mode, which allows UE early termination of MPDCCH monitoring. On the other hand, PUSCH repetition transmission can be early terminated by means of transmitting an explicit PUSCH HARQ ACK signaling to the UE.
In order to differentiate the legacy MTC behavior and R.15 MTC behavior, it is preferred that UE reports its capability whether it supports explicit HARQ-ACK feedback signaling or not, and the network can decide to use new MPDCCH to explicitly indicate the HARQ-ACK feedback.
Proposal 1: Explicit PUSCH HARQ ACK support should be an optional UE capability reported to the network.
2.2 Search space
Unlike LTE PDCCH UE-specific search space, the search space of eMTC is not continuous in time domain as shown in Figure 1. UE only monitors the MPDCCH in Rmax of each period and not in the remaining period. Since the maximal number of MPDCCH blind decoding attempts should not be increased, reusing the existing DCI format with some fields’ reinterpretation is the best choice in the legacy search space. The HARQ-ACK signal via MPDCCH in the legacy search space can be adopted for early termination of MPDCCH monitoring and PUSCH transmission.
Besides the legacy search space, new search space could be added to HARQ-ACK signal monitoring for PUSCH early termination since the repeated PUSCH is always transmitted beyond the period of legacy search space. And the number of the MPDCCH blind decoding attempts should be no larger than that of legacy search space. The size of DCI format can be compacted to reduce the repetition number of MPDCCH. The new common search space can be configured before the UE specific search space in time. After UE detects the MPDCCH, according to the HARQ-ACK indication it would re-transmit the PUSCH or stop the PUSCH transmission. Thus, the design can achieve both the UL HARQ-ACK feedback and PUSCH early termination together. 
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Figure 1 Search space illustration
Proposal 2: Add new search space beyond the legacy UE-specific search space to HARQ-ACK signal monitoring for PUSCH early termination.
2.3 Analysis of  HARQ feedback channel design
In this section, we analyze the MPDCCH design for HARQ feedback channel in both legacy search space and new search space. 
( Explicit indication with existing DCI format (reinterpret some fields)
In the legacy search space, in order not to increase the maximal number of MPDCCH blind decoding attempts, it is preferable to reinterpret the current DCI format 6-0A/B for HARQ-feedback transmission for CE mode A and mode B separately and monitor the uplink grant and HARQ-feedback in the same DCI. It is also backward compatible. For BL/CE UEs in CE mode A, UL grants are scheduled using DCI format 6-0A and the resource block assignment field in the DCI indicates the PUSCH PRB allocation. The unused states of the resource block assignment field could be used to indicate HARQ feedback flag, and the remaining bits in LTE DCI format 6-0A are bitmap HARQ-ACK indication for each of the PUSCH HARQ process. While for UE in CE mode B, some unused states of TBS field in DCI format 6-0B could be used to indicate HARQ feedback flag and the remaining bits in DCI format 6-0B are bitmap HARQ-ACK indication for each of the PUSCH HARQ process as shown in TABLE 1. 
TABLE 1 DCI format 6-0A/B reinterpret as HARQ-ACK feedback DCI
	Indication flag
	For DCI format 6-0A, one of the unused states in resource allocation field can be defined as the indication that the DCI is for HARQ-ACK feedback.

For DCI format 6-0B, similarly, one of the unused states of TBS field can be defined 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.


Proposal 3: For less standard effort and backward compatibility in the legacy search space, UE can monitor UL grant and HARQ ACK/NACK in the same size DCI and reinterpret the current DCI format 6-0A/B.
( New common DCI channel, multiplexing multiple UEs HARQ ACK indication
In the new search space, compacted DCI should be designed to reduce the repetition number of MPDCCH. A kind of common DCI similar to DCI format 3/3A for TPC for multiple UE multiplexing with reduced size could be considered. It is beneficial for reducing overhead caused by HARQ-ACK feedbacks as shown in Figure 2.
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Figure 2 Example of new common DCI format for HARQ-ACK feedbacks of multiple UEs

Following the current DCI format 3/3A for uplink power control, common DCI for HARQ-ACK feedback can be design as: eNB allocates a RNTI value (similar to tpc-RNTI) and an index (similar to tpc-Index) to UE via RRC signaling and multiple UEs with the same coverage level use the same RNTI (easy to multiplex UEs with same repetition level in one DCI), UE monitors PDCCH with the RNTI value and finds its own HARQ ACK/NACK indication via the index. Consider multiple HARQ process is supported in PUSCH transmission and bit overhead; two methods are illustrated for the HARQ ACK/NACK indication:
· Option 1: Bitmap positive PUSCH HARQ-ACK for each HARQ process( for the scenarios that the maximal HARQ process number is small, for example 1 or 2, and multiple HARQ processes feedback for one DCI as shown in Figure 3.
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Figure 3 Bitmap HARQ ACK for each process (e.g. maximal HARQ process number is 2)
· Option 2: HARQ process number + ACK/NACK indication ( for the scenarios that the maximal HARQ process number is big and one HARQ process feedback for one DCI as shown in Figure 4.
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Figure 4 HARQ process number + ACK/NACK indication (e.g. maximal HARQ process number is 8)
· Problems

· To ensure time alignment of HARQ-ACK feedback for different UEs with different repetition as well as resource utilizing efficiency, the larger feedback delay may be caused due to asynchronous HARQ-ACK feedback and multiple UE multiplexing in the common DCI
Proposal 4: New common DCI for multiple UE multiplexing can follow the DCI format 3/3A design principal in new search space.
2.4 HARQ ACK and PUSCH termination for efeMTC
In the above design, for FD-FDD and TDD CE mode A and mode B, periodic PDCCH search space has already been introduced in R.13/14. In the period of G*Rmax search space, only the first Rmax is UE-specific search space. In the remaining part of the period, UE don’t need to search any MPDCCH. In order to receive HARQ ACK and PUSCH early termination signal in any time period, we divide the R.15 MTC MPDCCH search space into 2 parts: one is legacy eMTC UE-specific search space (Rmax) and another is new search space (introduce some GAP search space within (G*Rmax – Rmax) period) for common DCI for HARQ ACK indication and early termination as shown in Figure 5. 
Proposal 5: For FD-FDD and TDD CE mode A and mode B, two search spaces are introduced separately: one is legacy eMTC search space (Rmax period) and another is new search space (introduce some GAP search space within (G*Rmax – Rmax) period) for common DCI for HARQ ACK indication and early termination.
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Figure 5 UE monitor HARQ ACK/NACK in legacy and new search space
In legacy eMTC search space, the legacy behavior should be followed by MTC UE, and only one DCI format should be searched for the uplink grant, HARQ ACK/NACK feedback and early termination indication. If there is contiguous uplink transmission in PUSCH, legacy DCI format 6-0A and 6-0B should be adopted to implicitly indicate HARQ-ACK. If there is no uplink transmission, the existing DCI format with some fields reinterpret should be adopted to explicitly indicate HARQ-ACK. Combining the two scenarios into one DCI can reduce the UE PDCCH blind detection and standard effort. 
In the new search space, the UE should retune to a certain narrowband to search HARQ-ACK and early termination indication, especially for CE mode B. The search space (including the narrowband index and the period and offset of the search space) can be configured by RRC signal as the legacy UE-specific search space configuration. Multiple UE can be separately configured in the same new search space according to the coverage level. In order to reduce the blind detection in new search space, limited combination of MPDCCH repetition and aggregation level should be further considered. Consider the maximal HARQ process number, one or multiple HARQ ACK/NACK(s) could be indicated in one DCI per UE according to the CE mode.
· The maximal number HARQ process for CE Mode A is 8 (HARQ process number + ACK/NACK indication)

· The maximal number HARQ process for CE Mode B is 2 (Bitmap positive PUSCH HARQ-ACK for each process)
Proposal 6: Adopt the existing DCI format size design and new common DCI format in FD-FDD/TDD in two search spaces separately.

3 Conclusions
In this contribution, further considerations of HARQ-ACK feedback for UE power saving and early termination for PUSCH transmission of even further eMTC is provided. The following proposals are given.
Proposal 1: Explicit PUSCH HARQ ACK support should be an optional UE capability reported to the network.
Proposal 2: Add new search space beyond the legacy UE-specific search space to HARQ-ACK signal monitoring for PUSCH early termination.

Proposal 3: For less standard effort and backward compatibility in the legacy search space,  UE can monitor UL grant and HARQ ACK/NACK in the same size DCI and reinterpret the current DCI format 6-0A/B 
Proposal 4: New common DCI for multiple UE multiplexing can follow the DCI format 3/3A design principal in new search space.
Proposal 5: For FD-FDD and TDD CE mode A and mode B, two search spaces are introduced separately: one is legacy eMTC search space (Rmax period) and another is new search space (introduce some GAP search space within (G*Rmax – Rmax) period) for common DCI for HARQ ACK indication and early termination.
Proposal 6: Adopt the existing DCI format size design and new common DCI format in FD-FDD/TDD in two search spaces separately.
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