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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 #79 meeting, the following agreement on bandwidth reduction was approved [1].
· Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications
In this contribution, considerations on PUCCH for bandwidth reduction and coverage enhancement are discussed for Rel-13 low complexity UEs.
2 Consideration on narrow bands for PUCCH
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 which 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 if Alt 1 is applied. So Alt 1 may not be applied to dynamic cross-subframe scheduling of PUSCH.
For Alt 2, PUCCH may be transmitted within the 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 legacy PUSCH resource, PRB resource located in two sides of legacy PUSCH region should be used as high priority for the above PUCCH narrow band(s). For example, as shown in Figure 2.1, the two PUCCH narrow bands in two sides of normal PUSCH region are defined, which were isolated within system bandwidth sufficiently. The gain from frequency diversity or frequency selective scheduling may be acquired. Besides, in one PUCCH narrow band, the number of actual PRBs used to transmit PUCCH depends on the amount of current MTC traffic, and the PRBs which were not to be occupied by PUCCH may also be used to transmit PUSCH.
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Figure 2.1 Narrow Band PUCCH for Rel-13 low complexity UEs
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, be implicitly 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 Consideration on UCI
In order to support downlink HARQ efficiently and guarantee corresponding HARQ-ACK coverage, HARQ-ACK on PUCCH should always be supported for Rel-13 low complexity UEs in both normal and coverage enhanced mode. 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. Besides, 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 both normal and coverage enhanced mode.
For Rel-13 low complexity UEs in coverage enhanced mode, 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.
For Rel-13 low complexity UEs with normal coverage, in order to acquire scheduling gain, the CSI feedback functionality is needed. Since Rel-13 low complexity UEs have only single receive RF chain, the benefit from PMI feedback may be limited. In addition, the CSI feedback modes are related to the supported TM. If TMs associated with PMI feedback are not supported, the modes with PMI feedback will be eliminated. Therefore, whether to support the modes with PMI feedback needs further study.
Considering Rel-13 low complexity UEs have reduced RF bandwidth of 1.4MHz, the CSI reporting may be different from that of the legacy UEs. Some modifications should be considered for Rel-13 low complexity UE.

For the wideband feedback, the CQI can only be based on the reception bandwidth for Rel-13 low complexity UEs instead of the whole system bandwidth. In order to acquire the CSI of the entire system bandwidth or the available bandwidth, the CSI reference resource should be configured in different narrow bands. Rel-13 low complexity UEs can feedback the CQI value of different narrow bands in different subframes through multiple CQI reportings. Alternatively, a wideband CQI can be calculated based on the measurement in different narrow bands. Considering slowly time-varying channel for a Rel-13 low complexity UE, it seems to be feasible to define the reported wideband CQI as an average value of different narrow bands during a period. By this way, the CQI of a wider bandwidth can be acquired through a single reporting, but the CQI may not be accurate for the narrow band in which the Rel-13 low complexity UE is scheduled.
For the subband based feedback, definition of current subband based feedback is not applicable for Rel-13 low complexity UEs because there has at most one subband in each narrow band. A simple modification is that the subband CQI is calculated in the reception bandwidth in one subframe. In this case, the efficiency of the subband based feedback is very limited. To make the feedback more efficient, the time domain of the CSI reference resource can be extended to multiple subframes in a time window and the frequency domain of the CSI reference source is the reception bandwidth of the corresponding subframe. Similar to current specification, Rel-13 low complexity UEs can feedback multiple subband CQI values measured in a time window through a single reporting. In addition, it is preferable to fix the subband size to 6 PRBs.
Proposal 3: Modification of CSI reporting modes should be considered for Rel-13 low complexity UEs in normal coverage.
4 Narrowband hopping
For Rel-13 low complexity UEs in coverage enhanced mode, the methods of reducing power consumption or repetition times should be considered. Narrowband hopping may be a potential solution to reduce the repetition times for PUCCH [3]. Particularly, the semi-static configured or predefined PUCCH hopping granularity, which is common for different PUCCH coverage enhancement levels, and the set of available subframes for first PUCCH transmission according to PUCCH hopping granularity should be studied if PUCCH hopping is supported. In this case, considering retuning delay, delay tolerance feature for UEs in coverage enhanced mode and time diversity gain, longer narrowband hopping internal equal to hopping granularity may be preferable in order to ensure the alignment of PUCCH frequency hopping resource, resource utilizing efficiency and the reduction of scheduling complexity. For example, as shown in Figure 4.1, both hopping granularity and narrowband hopping internal are 4 subframes, and narrowband hopping internal of any one UE may simply be used for PUCCH repetition transmission of another UE.
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Figure 4.1 Narrowband hopping internal equals to hopping granularity

Proposal 4: Narrowband hopping can be considered for PUCCH to reduce power consumption or repetition times for Rel-13 low complexity UEs in coverage enhanced mode.
5 Conclusions
In this contribution, considerations on PUCCH for bandwidth reduction and coverage enhancement 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 both normal and coverage enhanced mode.
Proposal 3: Modification of CSI reporting modes should be considered for Rel-13 low complexity UEs in normal coverage.

Proposal 4: 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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