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1 Introduction
On ACK/NACK (A/N hereafter) feedback for PUSCH transmission for MTC, the following agreements have been made:
Agreements: [1]
· PUSCH HARQ feedback is realized using M-PDCCH

· Note that this does not preclude HARQ feedback to multiple UEs by single M-PDCCH

Agreements: [2]
· At least adaptive PUSCH HARQ retransmission is supported for LC/CE UEs

· FFS whether to also support non-adaptive PUSCH HARQ retransmission

· FFS LC/CE UE should interpret absent/non-detected PUSCH HARQ feedback as ACK

This contribution gives some discussion on the remaining open issues on the A/N feedback for PUSCH.
2 Discussion
2.1 How to realize PUSCH HARQ feedback using M-PDCCH

There are two alternatives can be considered:

 Alt-a: one M-PDCCH carrying A/N of multiple UEs
Alt-b: one M-PDCCH carrying A/N of a single UE

Firstly, it is better not to increase the M-PDCCH blind monitoring complexity of UE when realizing PUSCH HARQ feedback using M-PDCCH. That is, the M-PDCCH carrying one or multiple A/N should have the same DCI size of M-PDCCH used for data channel scheduling. 
For Alt-a, a common DCI is used to carry multiple A/N, which is similar with legacy PHICH, it seems useful for signaling overhead reduction. However, Alt-a should not be used for HARQ feedback of the PUSCH carrying the data except for Msg3, considering the following issues, especially when in CE Mode B:

· Time relationship:  for non-Msg3 data transmission, different MTC UEs may require different repetition numbers, so the time point for scheduling and new transmission could be quite distinct and would be unlikely for UEs to expect respective A/N feedback at the same time. However, for Msg3 transmission, which is scheduled by the same RAR, the UEs can expect respective A/N feedback at the same time, for these UEs can expect the same Msg3 repetition numbers. 
· Narrowband location: different UEs could occupy different narrowbands in coverage enhancement, especially when supporting M-PDCCH frequency hopping. Then a common DCI would lead to retuning for all multiplexed UEs to the same M-PDCCH narrowband. However, for Msg3 transmission, the same M-PDCCH narrowband can be determined based on the RAR narrowband or the PRACH resource set. 
· Resource efficiency:  if the A/Ns with different repetition level are multiplexed in the same DCI, and the repetition level of the multiplexed DCI should be determined based on the maximum A/N repetition level. It will result in serious resource waste for some UEs. Otherwise, if restricting that only the A/Ns with the same repetition level can be multiplexed in the same DCI, some additional solutions may be needed to group the A/Ns, and to determine the M-PDCCH transmission resources. However, for Msg3 transmission, as analyzed in the time relationship bullet, the A/Ns for the Msg3 scheduled by the same RAR can have the same repetition level, so can be multiplexed in the same DCI. 
· The interpretation of the DCI bits: the MTC UEs need to determine how many bits are used for A/Ns transmission or for padding/repetition bits, or which bit is its A/N feedback. We take the DCI size 20 bits as an example. In a subframe, 10 bits of the 20 bits are used for 10 UEs feedback, in another subframe, only 5 bits of the 20 bits are used for 5 UEs feedback. Other bits of the 20 bits that are not used carried A/N need to be padded by 0, or can be used to repeat the A/Ns. For non-Msg3, the UE have no information to help it determine how many bits are used for A/Ns transmission, and which bit is its A/N. However, for Msg3 transmission, the UE can determine the A/N bits based on how many Msg3 is scheduled by the RAR message, and determine its A/N bit based on, the RAR sequence in the RAR message.
Based on the analysis above, 
Proposal 1a: One M-PDCCH carrying A/N of multiple UEs can be used for the HARQ feedback of Msg3 transmission.
Proposal 1b: One M-PDCCH carrying A/N of a single UE is used for HARQ feedback of non-Msg3 PUSCH transmission.
2.2 Whether to support non-adaptive PUSCH HARQ retransmission
eNB can get the scheduling flexibility, and can give UE the scheduling gain by adaptive HARQ retransmission. However, the eNB has to devote some resources to transmit control channel, which is used to schedule the retransmission. 

For LC/CE UEs, especially when operating in CE Mode B, the eNB has to devote so many resources to repeat the control channel used to schedule a retransmission, if adaptive HARQ retransmission is supported. But, eNB can give UE very little scheduling gain, for on the one hand, periodic CSI measurement and feedback is not supported for UEs in large CE considering power savings [3], and then the eNB cannot get necessary timely channel feedback to support adaptive scheduling, on the other hand, the channel environment may be very stable when operating in large CE, and most of the scheduling parameters of the retransmission will keep the same with the initial transmission, so it is unnecessary to transmit new scheduling information for each re-transmission,  consuming so many resources. 
Proposal 2: Non-adaptive PUSCH HARQ retransmission should be supported at least for LC/CE UEs operating in CE Mode B.
2.3 How to interpret absent/non-detected PUSCH HARQ feedback
The interpretation of absent/non-detected PUSCH HARQ feedback can be different according to different cases:

· If adaptive retransmission is used:

· If Alt-a in section 2.1 is used: in this case, the M-PDCCH used for HARQ feedback is different with the M-PDCCH used to schedule retransmission. The UE can retransmit the data according to when it receives an appropriate M-PDCCH.
· If Alt-b in section 2.1 is used: in this case, the same M-PDCCH can be used for both HARQ feedback and retransmission scheduling. if the UE does not detect the HARQ feedback, it does not also detect the retransmission scheduling, then the UE cannot interpret this as NACK and retransmit the data on the initial transmission resources, for these resources may have been granted for other data transmission, if the eNB has actually sent the M-PDCCH but the UE fails to detect the M-PDCCH. That is, in this case, the UEs have to interpret absent/non-detected PUSCH HARQ feedback as ACK.
· if non-adaptive retransmission are used:
· If Alt-a in section 2.1: in this case, there is not an additional M-PDCCH used to schedule retransmission, and UEs have also to interpret absent/non-detected PUSCH HARQ feedback as ACK, based on the similar analysis in the last bullet. 
· If Alt-b in section 2.1: in this case, if the M-PDCCH carries a NACK and indicates a retransmission, most of the scheduling information bits of the M-PDCCH will be useless, for no scheduling information is needed. One simple alternative solution may be, the eNB will not send the M-PDCCH carrying NACK, and UE can determine a retransmission if it does not detect the M-PDCCH. That, the UE will interpret absent/non-detected PUSCH HARQ feedback as NACK in this case.
In any of the cases of above, a physical layer timer has to be defined. The UE has to determine how long it will wait until it can determine the absent/non-detected PUSCH HARQ feedback. For the HARQ feedback is carried by M-PDCCH, it has to at least make sure the UE can complete the M-PDCCH when determining the timer. So the repetition number/level of M-PDCCH has to be taken into account when determining the time discussed above, as shown in Fig 1. And then UE will expect a M-PDCCH scheduling new/retransmission (Alt-a) or a PUSCH transmission (Alt-b). 
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Fig 1 Timer before UE interprets absent PUSCH HARQ feedback.
Proposal 3: 
The LC/EC UE interprets absent/non-detected PUSCH HARQ feedback as ACK/NACK according to the realization mechanisms of HARQ feedback and/or retransmission. 

· A timer has to be defined based at least on M-PDCCH repetition number/level to let UE determine the absent/non-detected PUSCH HARQ feedback.

3 Conclusion
This contribution gives some discussion on the remaining open issues on the A/N feedback for PUSCH, and the following proposals are given:
 Proposal 1a: One M-PDCCH carrying A/N of multiple UEs can be used for the HARQ feedback of Msg3 transmission.
Proposal 1b: One M-PDCCH carrying A/N of a single UE is used for HARQ feedback of non-Msg3 PUSCH transmission.

Proposal 2: Non-adaptive PUSCH HARQ retransmission should be supported at least for LC/CE UEs operating in CE Mode B.
Proposal 3: 

· The LC/EC UE interprets absent/non-detected PUSCH HARQ feedback as ACK/NACK according to the realization mechanisms of HARQ feedback and/or retransmission. 

· A timer has to be defined based at least on M-PDCCH repetition number/level to let UE determine the absent/non-detected PUSCH HARQ feedback.
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