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1 Introduction
The following agreements on UCI transmission of Rel-13 MTC UEs not in coverage enhancement mode and Rel-13 UEs in coverage enhancement mode are made: 

· For low complexity  MTC UEs in normal coverage, at least when PUCCH resource is configured, 

· ACK/NACK and SR over PUCCH is supported.

· Periodic CSI feedback over PUCCH is supported

· FFS on details
· For UEs operating in enhanced coverage, at least when PUCCH resource is configured, 

· HARQ-ACK and SR over PUCCH is supported

· FFS: Whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted
· For Rel-13 low complexity MTC UEs,

· For PUCCH structure, 

· FFS: Slot-based frequency hopping within a narrow band

· FFS: How to derive PUCCH resource
· FFS: Configuration of additional PUCCH frequency resources is not mandatory for support of LC/CE UEs in a cell

· FFS on the details

· For UEs operating in enhanced coverage, 
· Repetition of PUCCH across multiple subframes is supported

· Frequency hopping is supported for PUCCH repetition

· FFS on specific hopping pattern

· FFS on configurability of frequency hopping

· 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.

In this contribution, we share our view on some aspects of PUCCH design for Rel-13 MTC UEs and UEs in coverage enhancement mode.
2 PUCCH resource allocation
In general, PUCCH resource for HARQ-ACK transmission can be derived using the one of the following alternatives:

· Alt 1: The PUCCH resource for HARQ-ACK is implicitly derived from the starting ECCE index used to transmit the DL grant in M-PDCCH
This alternative follows from the existing approach to implicitly derive the PUCCH format 1a/1b resource based on the PDCCH containing the DL grant. It is noted that for Rel-13 MTC UEs with cross subframe scheduling, the timing between the subframe containing the DL grant and the subframe containing the HARQ-ACK is different from that of the legacy UE, if 3ms is maintained between the end of the PDSCH and the start of the HARQ-ACK transmission. Therefore, the eNB scheduler needs to ensure that the PUCCH format 1a/1b resource for Rel-13 MTC UEs with cross subframe scheduling will not collide with that of the legacy UEs.

Depending on the search space definition, the required number of implicit PUCCH format 1a/1b resources for a narrow band can be up to 24, since 6 PRBs can contain roughly 24 ECCEs.
· Alt 2: The PUCCH resource is implicitly derived from the low index of the PRB containing the PDSCH
This approach is similar to determine the PHICH resource based on the lowest index of PRB containing the PUSCH. Given that a narrow band only has 6 PRBs, if MU-MIMO is not supported for Rel-13 MTC UEs, the number of required implicit PUCCH format 1a/1b resource for a narrow band is up to 6. However, if MU-MIMO transmission is supported, e.g. based on SDMA or based on DMRS, additional implicit PUCCH format 1a/1b resources are needed. Further, additional specifications need to be provided for the details of how to derive the PUCCH format 1a/1b resource implicitly with MU-MIMO. 
· Alt 3: A set of PUCCH resources is configured for the UE via higher layer signaling and some field in the DL grant serves as ARI to indicate one of the PUCCH resources  
This approach is similar to the PUCCH format 3 resource allocation introduced in Rel-10 CA. The intention is to allow statistical multiplexing to reduce the number of PUCCH resources, assuming the number of UE scheduled in the same subframe is limited. 
The total number of PUCCH format 1a/1b resources is determined based on the number of narrow bands used for Rel-13 MTC UEs in the system bandwidth, as well as on whether different narrow bands are configured to share the PUCCH format 1a/1b resource. Given that slot based hopping is not applied within a narrow band for Rel-13 MTC UE, it cannot be always assumed that Rel-13 MTC UEs can share the legacy UEs’ PUCCH format 1a/1b resources. Thus, the total PUCCH overhead for legacy UEs and MTC UEs can be high, especially for TDD where PUCCH format 1a/1b resources shall be reserved for multiple DL subframes. From this perspective, it is beneficial to consider Alt 3 using ARI type of PUCCH resource allocation, which provides a mechanism for eNB to trade scheduling flexibility from the PUCCH overhead. It is also noted that for UEs in coverage enhancement mode, the number of scheduled UEs in a narrow band is likely to be very few (e.g. 1), which suits for Alt 3.
Proposal 1: For Rel-13 MTC UEs, consider adopting an ARI based PUCCH format 1a/1b resource allocation for HARQ-ACK transmission. 
For P-CSI and SR transmission of a Rel-13 MTC UE not in coverage enhancement mode, the PUCCH resource can be explicitly configured by higher layers, following the existing mechanism.

Proposal 2: The PUCCH resources for P-CSI (if supported) and SR transmission of a Rel-13 MTC UE are configured by higher layers.

3 Slot level hopping across narrow bands
It has been agreed that slot level hopping with a subframe and a narrow band is not supported for PUCCH transmission of Rle-13 MTC UEs and UEs in coverage enhancement mode. It is still FFS whether slot level hopping across narrow bands is supported or not for Rel-13 UEs in coverage enhancement mode. If slot level hopping across narrow bands is supported, a Rel-13 MTC UE needs to perform retuning within the subframe, which reduces the amount of energy for PUCCH transmission and correspondingly offset to some extent the possible gain from frequency diversity. The amount of time a Rel-13 MTC UE needs for retuning is still under RAN4 discussion. It is expected to be difficult to mandate a very short retuning time for all Rel-13 MTC UEs. Furthermore, when some symbols in a subframe are not available for PUCCH transmission, new PUCCH structure/format needs to be defined in order to maintain orthogonality among the PUCCH resources in the same PRB pair. Therefore, it is preferable that slot level hopping across narrow bands is not supported.

Proposal 3: Slot level hopping across narrow bands is not supported for Rel-13 UEs in coverage enhancement mode. 
4 Conclusions
In this contribution, we discuss several aspects on the PUCCH design for Rel-13 MTC UEs and UEs in coverage enhancement mode. The following proposals are made: 
Proposal 1: For Rel-13 MTC UEs, consider adopting an ARI based PUCCH format 1a/1b resource allocation for HARQ-ACK transmission. 
Proposal 2: The PUCCH resources for P-CSI (if supported) and SR transmission of a Rel-13 MTC UE are configured by higher layers.

Proposal 3: Slot level hopping across narrow bands is not supported for Rel-13 UEs in coverage enhancement mode.
