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1 Introduction
Within the Rel-13 work item on “Further LTE Physical Layer Enhancements for Machine Type Communications (MTC)” [3], it has been agreed to provision a new UE class with RF bandwidth of 1.4 MHz (supporting a channel bandwidth of 6 PRBs) for cost/complexity savings. Additionally, it has been agreed to extend the coverage of LC UEs by such that they are able to operate with a MCL of 155.7 dB. 
In RAN1 #81 it was agreed that
· For Rel-13 low complexity MTC UEs and UEs operating coverage enhancement for PUCCH
· Both slots in a subframe are used for transmission of a PUCCH.

· At least for system BW>6RBs, slot-based hopping {within a narrowband and within a subframe} is not supported.

· MTC SIB indicates at least two PUCCH narrowband regions for MTC 

· FFS whether or not the indication is per CE level or the same for all CE levels

· The PRBs for the PUCCH resources for Rel-13 low complexity UEs are configured separately from legacy PUCCH

· The multiplexing between PUCCH resources in the same PRB for Rel-13 low complexity UEs and legacy UEs is not prohibited

· For UEs operating coverage enhancement for PUCCH
· PUCCH frequency hopping is always used

· Hopping is between at least two PUCCH narrowband regions.

· PUCCH frequency location for Rel-13 low complexity UEs in enhanced coverage stays the same for at least X subframes

· FFS the value of X

· FFS whether or not slot-level hopping across narrowbands is supported

· If slot-level hopping is supported, the PUCCH frequency location refers to that of a given slot

· FFS: How to determine PUCCH repetition resources for Msg4 feedback.
2 Discussion
There exist two methods by which LC/CE UE might obtain the PUCCH resource for transmitting HARQ ACK/NACK. First, the PUCCH resource can be signaled explicitly as a part of the downlink control information (DCI). However, explicitly signaling the PUCCH resource constitutes a significant overhead. Especially in case of UEs in coverage enhancement, the M-PDCCH might need to be repeated several times for successful decoding at the UE. In this case, additional DCI bits for PUCCH resource signaling will mean an unacceptably large overhead. 
Second possibility is to derive the PUCCH resource implicitly from downlink transmission. This can be based either on the M-PDCCH or the subsequent PDSCH transmission. The advantage of using M-PDCCH is that it would lead to a much smaller specification impact, by relying on a scheme similar to that used for legacy UEs. Additionally, it may be possible for the legacy and LC/CE PUCCH resources to be multiplexed within the same PRB for better resource utilization. Some considerations on implicitly deriving the physical resources for PUCCH transmission from LC/CE UEs are provided in the accompanying contribution [4]. 
Proposal 1 LC/CE UEs derive PUCCH resource for HARQ ACK/NACK implicitly from the corresponding M-PDCCH transmission.

The PUCCH resource used for HARQ ACK/NACK is derived from the first (lowest) ECCE index used by the corresponding EPDCCH transmission. However for LC/CE UEs requiring M-PDCCH repetition, the lowest ECCE index is not guaranteed to be the same in every subframe. This implies that the PUCCH resource indicated by M-PDCCH does not remain the same during the repetitions. Since the PUCCH resource must be derived implicitly from M-PDCCH, we propose that last M-PDCCH repetition is used to derive the PUCCH resources. Subsequently if PUCCH is repeated as well, the same PUCCH resource or set of PUCCH resources is used for all transmissions.
Proposal 2 The PUCCH resource is derived from last M-PDCCH repetition in case of LC/CE UEs scheduled using M-PDCCH repetitions.
Proposal 3 In case PUCCH is repeated, the same set of PUCCH resources is used in each transmission within a PUCCH bundle. 
In FDD, legacy HARQ ACK/NACK is always transmitted with a delay of k=4 subframes with respect to the corresponding PDSCH transmission. However in case UEs in coverage enhancement, the PDSCH might be repeated over multiple subframes (the so-called “bundled” PDSCH transmission). There are two possibilities for acknowledging a bundled PDSCH transmission: a HARQ ACK is sent as soon as the PDSCH bundle is decoded successfully, or the UE waits till the end of the PDSCH bundle before transmitting the HARQ ACK/NACK. Transmitting the acknowledgement as soon as possible is energy efficient since the UE can go to sleep immediately after the PUCCH transmission. However, this significantly increases the risk of PUCCH resource collision. To avoid such collision, additional  PUCCH resources might be configured at the cost of loss in spectral efficiency. On the other hand after successfully decoding PDSCH, the UE can wait till the end of bundle for PUCCH transmission, without processing subsequent subframes. This will lead to only a small energy overhead, while allowing more efficient multiplexing of PUCCH resources (Figure 1).
Proposal 4 In FDD, PUCCH transmission occurs k=4 subframes after the end of the PDSCH transmission.
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Figure 1 Timing relationship for PUCCH transmission from legacy and LC/CE UEs
It has been agreed in RAN1 #81 that the MTC SIB indicates at least two narrowband regions for PUCCH transmission from LC/CE UEs. Preferably, these regions are separated in frequency to extract frequency diversity gains. The PUCCH region for LC/CE UEs may or may not overlap with the legacy PUCCH region depending on whether it is possible to efficiently multiplex PUCCH transmission from legacy and LC/CE UEs. Additionally, LC/CE UEs that use different number of PUCCH repetitions are at a risk of resource collision if they share the same physical resources. 
One possibility to avoid such collision is to define non-overlapping narrowband regions for PUCCH at each CE level. If the number of configured CE levels is not too large, the number of resources reserved for PUCCH might be acceptable. However if too many CE levels are configured, there will be large signaling overhead of MTC SIB specifying the narrowband regions for each CE level. Also in this case, too many physical resources might be reserved for PUCCH transmission, leading to loss of spectral efficiency. An alternative is to design PUCCH transmission such that they can be multiplexed efficiency at different CE levels. A simple method is to separate the PUCCH resources used at each CE level by an offset configured semi-statically by the higher layers. 
Proposal 5 The PUCCH narrowband regions indicated by MTC SIB are common for all CE levels.
The LC/CE UEs will rely on M-PDCCH for DCI as discussed above. Several M-PDCCH resource sets might need to be configured to provide DCI for all served LC/CE UEs. To avoid resource collision between PUCCH resources derived from transmission over different M-PDCCH resource sets, a resource offset is to be configured semi-statically by higher layers (pucch-ResourceStartOffset-r11 in case of EPDCCH). Consequently the PUCCH region might grow rapidly with the number of EPDCCH resource sets used. 
Proposal 6 Consider whether it would be desired to reduce the size of PUCCH region when several M-PDCCH resource sets are configured.
3 Conclusions
Based on the discussion in previous section, we propose the following:

Proposal 1
LC/CE UEs derive PUCCH resource for HARQ ACK/NACK implicitly from the corresponding M-PDCCH transmission. 
Proposal 2
The PUCCH resource is derived from last M-PDCCH repetition in case of LC/CE UEs scheduled using M-PDCCH repetitions.
Proposal 3
In case PUCCH is repeated, the same set of PUCCH resources is used in each transmission within a PUCCH bundle.
Proposal 4
In FDD, PUCCH transmission occurs k=4 subframes after the end of the PDSCH transmission.
Proposal 5
The PUCCH narrowband regions indicated by MTC SIB are common for all CE levels
Proposal 6
Consider whether it would be desired to reduce the size of PUCCH region when several M-PDCCH resource sets are configured.
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