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1 Introduction

In RAN1 #75 meeting, working assumptions on PUCCH were achieved as below:

· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH
· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).
In RAN1 #78bis meeting, the following agreement and working assumptions were approved [1].
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.

In this contribution, considerations on PUCCH for bandwidth reduction and coverage enhancement are discussed for Rel-13 low complexity UEs.
2 Consideration on PUCCH for Bandwidth reduced UEs
So far, the following two alternatives may be considered for narrow bands for PUCCH transmission:
Alt 1: PUCCH and PUSCH transmission are in the same narrow bands.
Alt 2: PUCCH narrow bands are separated from narrow bands for PUSCH transmission.
For Alt 1, an UL narrow band is divided into PUSCH region and PUCCH region. Similar to normal PUSCH and PUCCH region, PUSCH region is located in the centre of the narrow band, and PUCCH region is still located in two sides of the narrow band. Considering that there may be multiple PUCCH regions if multiple UL narrow bands are configured, many fragments of PUSCH resource will be caused. Besides, for dynamic cross-subframe scheduling of PUSCH, when no UL-SCH data is transmitted, UL narrow bands for a bandwidth reduced UE would not be configured anymore. In this case, PUCCH cannot be transmitted. So Alt 1 may not be applied to dynamic cross-subframe scheduling of PUSCH.
For Alt 2, PUCCH may be transmitted within semi-static configured or predefined PUCCH narrow band(s) for Rel-13 low complexity UEs. The number of PUCCH narrow bands may be one or two. In order to avoid fragments of normal PUSCH resource, PRB resource located in two sides of normal PUSCH region should be used as high priority for the above PUCCH narrow band(s).
For PUSCH, in order to acquire maximum frequency selective scheduling gain, configuring narrow bands for PUSCH transmission by dynamic cross-subframe scheduling via DCI signaling will be preferable [2]. Considering that Alt 1 will cause more fragments of PUSCH resource and may not be applied to dynamic scheduling of PUSCH, Alt 2 is preferable.
Proposal 1: At most two PUCCH narrow band(s) which are separated from narrow bands for PUSCH transmission may be considered for Rel-13 low complexity UEs.
When PUCCH narrow band(s) is applied, considering potential limited frequency hopping gain and PUCCH control overhead, and in order to further decrease fragments of normal PUSCH resource to reduce restriction on dynamic scheduling of normal PUSCH, cross-slot frequency hopping within PUCCH narrow band(s) may not be necessary. Besides, specific PUCCH narrow band (when the number of PUCCH narrow bands is more than one) and PUCCH resource index within the said narrow band may be allocated semi-static or dynamically, and/or, implicitly be determined based on ECCE(s) occupied by UE-specific EPDCCH. Because PUCCH and PUSCH may be allocated in different narrow bands, dynamic re-tuning combined with UL/DL scheduling also needs to be supported.
3 PUCCH Coverage enhancement
3.1 Repetition for PUCCH
For Rel-13 low complexity UEs in coverage enhanced mode, the CSI feedback functionality of PUCCH is not necessary since RI has fixed value 1 and CSI is not important for Rel-13 low complexity UEs under extreme coverage scenarios. In order to support DL HARQ efficiently and guarantee corresponding HARQ-ACK coverage, HARQ-ACK on PUCCH should always be supported. Therefore, the signaling used to enable/disable HARQ-ACK on PUCCH will not be needed, i.e., HARQ-ACK on PUCCH will not need to be configured. Since UCI carried in PUCCH would only include SR and HARQ-ACK, format 1a would be enough.  Elimination of PUCCH should not be acceptable and repetition should be as baseline for PUCCH coverage enhancement since less repetition times is needed for PUCCH compared with other channels to achieve the same coverage enhancement target.
Proposal 2: Repetition should be the baseline for PUCCH coverage enhancement. HARQ-ACK on PUCCH should always be supported for Rel-13 low complexity UEs in coverage enhanced mode.
3.2 Other considerations
Since bandwidth reduction is a feature of Rel-13 low complexity UEs, the resource occupied by PUCCH in narrowband should be studied. When repetition is applied, there may be PUCCH collisions between coverage improvement MTC UEs and legacy LTE UEs without coverage improvement requirement. Repetition for PUCCH may have impacts on PUSCH repetition especially in bandwidth reduction scenario [3].
Besides, for Rel-13 low complexity UEs in coverage enhanced mode, methods of reduction of power consumption or repetition times should be considered. Narrowband hopping may be a potential solution to reduce the repetition times for PUCCH.
Proposal 3: Narrowband hopping can be considered for PUCCH to reduce power consumption or repetition times for Rel-13 low complexity UEs in coverage enhanced mode.
4 Conclusions
In this contribution, considerations on PUCCH for bandwidth reduction, coverage enhancement and power consumption reduction are discussed for Rel-13 low complexity UEs. We make the following proposals:
Proposal 1: At most two PUCCH narrow band(s) which are separated from narrow bands for PUSCH transmission may be considered for Rel-13 low complexity UEs.
Proposal 2: Repetition should be the baseline for PUCCH coverage enhancement. HARQ-ACK on PUCCH should always be supported for Rel-13 low complexity UEs in coverage enhanced mode.
Proposal 3: Narrowband hopping can be considered for PUCCH to reduce power consumption or repetition times for Rel-13 low complexity UEs in coverage enhanced mode.
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