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Introduction
Early termination of PUSCH transmission was discussed in eMTC to reduce UE power consumption and uplink overhead. UL HARQ-ACK feedback carried by MPDCCH signaling was discussed in RAN1 #90bis meeting with the following agreements:
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
In this contribution, design of HARQ-ACK feedback signal and further enhancement on early termination mechanism is discussed from UL/DL overhead, UE power consumption and UE/eNodeB complexity points of views.
Discussion
Feasibility and mechanism of early termination were discussed in last meeting to reduce UE power consumption. It was agreed that explicit HARQ-ACK feedback signal transmitted on MPDCCH can be used to terminate PUSCH transmission or MPDCCH monitoring. If the explicit HARQ-ACK feedback is only for a single UE, it might need more DL overhead to early terminate a UL transmission. 
In legacy eMTC system, the UL and DL resource utilization is balance for the target traffic model. Consider that sub-PRB level scheduling of PUSCH transmission is introduced in Rel-15, the capacity of PUSCH will increase and result in higher DL resource occupation of scheduling DCIs, including UL grant and additional HARQ-ACK feedback DCI. For example, when PUSCH transmission is configured with 3-tone, for a 1.4 MHz BW scenario, at most 24 UEs can transmit PUSCH simultaneously, and potentially 24 additional DCIs need to be transmitted on downlink. As a joint result of enhanced PUSCH capacity and increased DL scheduling overhead, limit on DL resource will become the capacity bottleneck for overall eMTC system. Therefore, the DL overhead for early termination should be controlled as possible.
According to [2], for MPDCCH transmission with target BLER of 1%, the needed number of repetitions for DCI with existing size (18 bits) is 32 to achieve MCL of 154 dB. Therefore, the DL overhead to transmit additional ETS is 192 PRBs per DCI with existing size. 
As a comparison, we calculate the resource occupation of PUSCH transmission in the following table. Assuming DCIs for early termination for different UEs/HARQ processes are transmitted separately, which means one HARQ-ACK DCI carries A/N feedback for a single UE/HARQ process, the total resource occupation of a UL HARQ process includes one UL grant carried by MPDCCH with 32 repetitions, 6 PRBs, one DCI for early termination signal carried by MPDCCH with 32 repetitions, 6 PRB, and one PUSCH transmission with configured bandwidth. Both large TBS of 936 bits and small TBS of 328 bits for PUSCH are compared. According to [1] [2], with target BLER<10%, 1024 and 256 repetitions are needed for PUSCH with TBS of 936 bits and of 328 bits respectively to achieve MCL of 154 dB. 
Table 1 Resource occupation of DL/UL transmission
Target BLER < 10%, MCL of 154 dB
	PUSCH TBS
	328 bits
	936bits

	PUSCH transmission bandwidth
	1PRB
	6-tone
	3-tone
	1-tone
	1PRB
	6-tone
	3-tone
	1-tone

	Repetition
	256
	1024

	PUSCH resource occupation (PRB)
	256
	128
	64
	21.3
	1024
	512
	256
	85.3

	MPDCCH resource occupation (PRB)
	192 (UL grant) + 192 (early termination DCI)

	DL resource (without early termination): UL resource
	75%
	150%
	300%
	900%
	18.75%
	37.5%
	75%
	225%

	DL resource (with early termination): UL resource
	150%
	300%
	600%
	1800%
	37.5%
	75%
	150%
	450%



As shown in Table 1, even without early termination signal, the occupied DL resource of MPDCCH transmission is comparable with resource used for PUSCH transmission for 1 PRB allocation. With sub-PRB allocation, the occupied DL resource can be three to nine times of UL resource. If one DCI is used for each PUSCH transmission to support early termination mechanism, the use of DL resource will double. Therefore, there is no way to support early termination without reduce of DL overhead, especially when sub-PRB allocation is used.
[bookmark: _GoBack]Observation 1: Four and a half to eighteen times of DL resource compared with UL resource is needed to support early data transmission for sub-PRB resource allocation.
Since group DCI is transmitted to multiple UEs, it is more suitable to use a CSS. For CE Mode A, Type 1 CSS for TPC command can be used for group DCI for HARQ-ACK. For CE Mode B, new common search space can be introduced. A new RNTI can be configured to UE for this new group common DCI for HARQ-ACK. As long as the DCI size is the same, no additional blind detection is expected, and there is no increase of UE complexity. For CE Mode B, with new CSS, if the search space is not the same as USS in time domain, UE might need more time to receive downlink and monitor MPDCCH for the new CSS. Compared with the power consumption of uplink transmission, the power consumption of downlink receiving is quite small. Moreover, the additional monitoring is only needed during the PUSCH transmission. Therefore, the total power saving is quite promising. On the other hand, if the additional MPDCCH monitoring really bothers, the new CSS can be limited to not increase MPDCCH monitoring time.

Observation 2: No UE complexity increase is expected to support group common DCI for HARQ-ACK. 
Observation 3: The power saving gain is expected to be quit promising even monitoring additional search space. 
Based on the analysis above, we propose to introduce group common DCI for HARQ-ACK.
Proposal 1: Support explicit HARQ-ACK feedback for multiple UEs carried in one DCI.
 HARQ-ACK transmission by group DCI
For explicit HARQ-ACK feedback for early termination, support of group DCI, in which HARQ-ACK feedback for multiple UEs are carried, is a possible solution to save DL overhead. Different from NB-IoT, eMTC UE has larger BW and PUSCH can be dynamically indicated to the whole LTE bandwidth. Therefore, it is easier to find more UEs to multiplex together into one DCI.
A similar solution as TPC command carried by DCI format 3/3A can be used as a group common DCI for HARQ-ACK. A UE can be configured with a group-RNTI to decode group DCI, and configured with one or more associated indices to detect corresponding field(s) in the group DCI. Each field in the group DCI can be used to indicate A/N feedback for one UE or one HARQ process. The content of one field includes 1 bit for HARQ-ACK, and can further include other information e.g. HARQ process number, repetition number or power control.
One potential drawback of the above solution is that grouping of UE by group-RNTI configuration is a higher layer procedure and lacks flexibility. Member of groups can hardly be modified, and if only a few UEs within a group need to be terminated by HARQ-ACK, the efficiency of the solution might be low. Therefore, some other method to group UEs can be considered, for example, resource-based group DCI as proposed in [3].  
Proposal 2: Further study on the grouping method for UE in group common DCI for HARQ-ACK.

Conclusion
This contribution considered motivations, feasibility and potential benefits for introducing a DCI carrying HARQ-ACK feedback for multiple UEs in DL for early termination in UL, and proposes the following. 
Proposal 1: Support explicit HARQ-ACK feedback for multiple UEs carried in one DCI.
Proposal 2: Further study on the grouping method for UE in group common DCI for HARQ-ACK.
Reference
[1] R1-1717566, Samsung, Uplink HARQ-ACK feedback for eMTC
[2] R1-1717341, Intel, HARQ-ACK feedback for efeMTC UL transmission
[3] R1-1716971, Huawei, On HARQ-ACK feedback for PUSCH in eFeMTC

