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1. Introduction 
In RAN1#82 [1] the following was agreed regarding PUSCH HARQ feedback:
· PUSCH HARQ feedback is realized using M-PDCCH

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

This contribution discusses considerations on this agreement.
2. Discussion
In the legacy system non-adaptive and adaptive HARQ are supported where only adaptive HARQ feedback is realised using EPDCCH (or PDCCH).  Non-adaptive HARQ is realised using PHICH.  Although the agreement in RAN1#82 suggested the use of MPDCCH to carry PUSCH HARQ feedback, this should support both non-adaptive and adaptive HARQ for LC-MTC UE.  For large CE operation, it is beneficial to support non-adaptive HARQ retransmission since it is expected that the DCI carrying a single HARQ ACK/NACK (1 information bit) is smaller than that containing uplink grant in the DCI for adaptive HARQ.
Proposal 1: Non-adaptive HARQ is supported for LC-MTC in normal and CE mode.  Non-adaptive HARQ feedback is realised using MPDCCH.
Unlike PHICH, HARQ feedback on MPDCCH requires the LC-MTC UE to perform blind decoding.  Hence, in addition to having to blind decode for the uplink grant, LC-MTC UE would also need to blind decode for the PUSCH HARQ feedback and this consumes LC-MTC UE battery power and increases device complexity.  It is preferable that the number of blind decodes for the HARQ feedback is reduced, i.e., less than that for uplink grant.  If uplink/downlink grant and HARQ feedback shares the same MPDCCH search space, then a subset of MPDCCH candidates are used for HARQ feedback, for example, the MPDCCH that carries the uplink grant can explicitly or implicitly indicate the subset of MPDCCH candidates for HARQ feedback.  
Proposal 2: The number of blind decodes required for PUSCH HARQ feedback is less than that for uplink grant.

In FDD, it should be possible for a LC-MTC UE to be transmitting a PUSCH whilst also receiving an MPDCCH.  This would increase scheduling opportunity and improve LC-MTC UE throughput.  Consider the scenario in Figure 1, where the LC-MTC UE is operating in CE mode.  An uplink grant is firstly sent to the LC-MTC UE with repetitions between time t0 to t1, which is followed by a PUSCH transmission from the LC-MTC UE at time t2 to t4.  Whilst transmitting the PUSCH, the LC-MTC UE receives a downlink grant from the eNB between time t3 to t5, which lead to a PDSCH being scheduled at time t6.  However, this LC-MTC UE would also expect an acknowledgement at time t7 after its PUSCH transmission ends.  Therefore a collision between the scheduled PDSCH and the uplink HARQ feedback occurs (between time t7 and t8).  If the PDSCH and the HARQ feedback are in different narrowbands then there is an issue in receiving both messages.
Observation 1: For FDD operation, since a LC-MTC UE can receive a downlink grant whilst transmitting a PUSCH, it is possible that the scheduled PDSCH can collide with the PUSCH HARQ feedback.  The LC-MTC UE would not be able to receive both PDSCH and PUSCH HARQ feedback if they are transmitted in different narrowbands.
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Figure 1: PDSCH & PUSCH HARQ feedback collision

If PDSCH & PUSCH HARQ feedback do collide, these two messages would need to be multiplexed into the same narrowband.  One way is to rely on eNB to schedule both the PDSCH & PUSCH HARQ feedback in the same narrowband, i.e., send two physical channels to the LC-MTC UE.  However we see the following issues:
1. The PDSCH would not be able to use all 6 PRBs within the narrowband and the PDSCH and MPDCCH both incur overheads.  These can lead to longer repetitions.
2. The MPDCCH search space carrying the PUSCH HARQ feedback may be shared with other LC-MTC UEs (e.g. for uplink/downlink grants or PUSCH HARQ feedbacks) and therefore transmitting a PDSCH in this narrowband may lead to less resource to schedule or provide HARQ feedback to other LC-MTC UEs

An alternative to sending two separate physical channels is to multiplex the PUSCH HARQ feedback onto the PDSCH and send a single (PDSCH) to the LC-MTC UE on the PDSCH narrowband.  The PUSCH HARQ feedback can puncture some of the PDSCH REs (i.e., similar to piggyback of PUCCH onto PUSCH).  These REs that are occupied by PUSCH HARQ feedback can be predefined in the specifications.
Proposal 3: When PDSCH and PUSCH HARQ feedback collides, the PUSCH HARQ feedback occupies some of the PDSCH REs.  The multiplexed PDSCH & PUSCH HARQ feedback are transmitted using the narrowband scheduled for PDSCH.

The following was agreed in RAN2#91 [2]:
· Support HARQ with repetitions for all unicast transmissions after RAR

Hence the PUSCH carrying Message 3 (RRC Connection Request) would require PUSCH HARQ feedback.  If the RAR does not configure the MPDCCH USS, then the MPDCCH search space for PUSCH HARQ feedback needs to be defined.  The following are some options:

· Option 1: The PUSCH HARQ feedback uses the same (common) search space as that used to schedule the RAR

· Option 2: Separate (common) search space is defined for PUSCH HARQ feedback and this can be indicated:

· Option 2A: Explicitly in the RAR

· Option 2B: Implicitly, e.g. dependent upon the RACH resource used or the MPDCCH used to schedule the RAR
Option 1 does not require any further CSS configuration but this may lead to blocking on the MPDCCH CSS used for RAR.  In Option 2 using separate resource for PUSCH HARQ feedback CSS would not cause blocking on RAR but would need these search space to be configured, e.g. in the SIB.  If increasing the size of RAR is an issue then we prefer an implicit indication of the MPDCCH CSS for PUSCH HARQ feedback.
Proposal 4: The MPDCCH CSS carrying the PUSCH HARQ feedback for Message 3 is implicitly determined either from RACH resource or from the MPDCCH used to schedule the RAR.
In [3], it is proposed that a DCI in the MPDCCH CSS is used to provide PUSCH HARQ feedback to a group of LC-MTC UEs.  However the following issues need to be resolved:

· Multiplexing of HARQ feedback and timing: The LC-MTC UEs within the group would need to have the same HARQ timing, that is, their PUSCH transmissions need to end at the same time or the PUSCH HARQ feedbacks need to start at the same time.  This may be difficult in CE operation.
· Configuration: Should the configuration of LC-MTC UE into a group be semi-static or dynamically assigned?  In semi-static configuration, it would be waste of resource if very few LC-MTC UEs (e.g. only 1 LC-MTC UE) within the group requires PUSH HARQ feedback.  For dynamic assignment, a mechanism needs to be specified to attach the LC-MTC UE to a specific group.

· Fallback: If very few LC-MTC UEs require HARQ feedback within a group (e.g., only 1 LC-MTC UE), then it is more efficient that the eNB can fallback to sending a single PUSCH HARQ feedback in the DCI.  However, this would require the LC-MTC UE to blind decode the DCI format (multiple vs single HARQ feedback).
In view of the above outstanding issues, we have a preference not to group multiple PUSCH HARQ feedback into a DCI.
3. Conclusion

In this contribution we discuss some consideration on sending the PUSCH HARQ feedback using MPDCCH.  We observe the following:

Observation 1: For FDD operation, since a LC-MTC UE can receive a downlink grant whilst transmitting a PUSCH, it is possible that the scheduled PDSCH can collide with the PUSCH HARQ feedback.  The LC-MTC UE would not be able to receive both PDSCH and PUSCH HARQ feedback if they are transmitted in different narrowbands.
We propose the following:

Proposal 1: Non-adaptive HARQ is supported for LC-MTC in normal and CE mode.  Non-adaptive HARQ feedback is realised using MPDCCH.
Proposal 2: The number of blind decodes required for PUSCH HARQ feedback is less than that for uplink grant.

Proposal 3: When PDSCH and PUSCH HARQ feedback collides, the PUSCH HARQ feedback occupies some of the PDSCH REs.  The multiplexed PDSCH & PUSCH HARQ feedback are transmitted using the narrowband scheduled for PDSCH.

Proposal 4: The MPDCCH CSS carrying the PUSCH HARQ feedback for Message 3 is implicitly determined either from RACH resource or the MPDCCH used to schedule the RAR.
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