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1 Introduction

According to LTE Rel-13 work item on further physical layer enhancements for MTC [1], the following scope has been defined for discussions and decisions:
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type;

· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
· The agreements and working assumptions made during the initial work carried out during the corresponding Rel-12 work item should be used as a starting point when applicable.
Additionally, at the RAN1 #79 meeting, RAN1 made the following agreement regarding LC MTC UEs with reduced bandwidth support [2]:
· 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.

During Rel-12 discussions, the following working assumptions were made at the RAN1 #75 meeting for PUCCH coverage enhancement [3]:
· 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).
Further, at the RAN1 #80 meeting, the following was agreed towards achieving UE power consumption reduction [4]:

· Consider simplified channel feedback for MTC power savings at least for coverage enhanced MTC UEs

· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement

In this contribution, we share our views on support of PUCCH for MTC devices with reduced bandwidth and enhanced coverage in LTE systems. Additionally, some considerations related to UCI feedback with focus on CSI measurements and feedback are presented as well.
2 PUCCH enhancements for reduced bandwidth support
Regarding the uplink control and data channel design for MTC UEs with reduced bandwidth, MTC PUCCH can be located at the edge of allocated MTC uplink resource. It can be realized by either explicit resource allocation or by UE-specific N(1)PUCCH. Further, the existing PUCCH physical structure with intra-subframe hopping can be directly applied. A drawback of this approach is that this may cause resource fragmentation for PUSCH scheduling for other UEs.
Alternatively, resources can also be reserved for MTC PUCCH transmissions near the legacy PUCCH resources, thereby avoiding any bandwidth fragmentation for legacy PUSCH scheduling. Depending on the RAN4 feedback on retuning feasibility, in the case when retuning time is less than CP duration, the MTC and legacy PUCCH regions can be shared and the same PUCCH structure as in legacy systems can be followed. If fast retuning is not feasible, then one option could be to define MTC PUCCH resources separate from, but close to, the legacy PUCCH resources and the frequency hopping design can be modified accordingly. For instance, inter-slot frequency hopping may be disabled [5]. Additionally, UE-specific PUCCH starting offset N(1) PUCCH and ARO for EPDCCH-based PUCCH resource allocation can be utilized to separate the PUCCH transmissions from Rel-13 LC MTC UEs with reduced BW support and legacy UEs.
3 Discussion on Coverage Enhancement for PUCCH
In this section, we focus on coverage enhancement for PUCCH. For coverage enhancement for MTC UEs, the agreements and working assumptions in Rel-12 can be applicable for the enhancement on uplink control channels as quoted in Section 1. 
Coverage enhancement for PUCCH 

Based on the simulation results in [6], the number of PUCCH repetitions for HARQ ACK/NACK transmission can be reduced when cross-subframe channel estimation is applied. Note that in order to facilitate the cross-subframe channel estimation, the PUCCH resources during the repetitions need to be located in the same PRBs across the different subframes in order to allow inter-subframe interpolation for channel estimation improvement. This can be realized by utilizing the same PUCCH resources for ACK/NACK during the repetition. 

Further, PUCCH resource allocation for ACK/NACK can be performed either in an implicit or an explicit manner. Similar to the existing LTE specification, the allocated PUCCH resource for repetition can be determined by the lowest (E)CCE index for scheduling (E)PDCCH. Note that this may result in a collision on PUCCH transmissions in the same subframes between MTC UEs in normal and enhanced coverage modes. Further, collisions can also happen between MTC UEs with different enhanced coverage levels. Thus, considering the discussion in the previous Section on PUCCH for MTC UEs with reduced BW support, it would be beneficial to separate the PUCCH time-frequency resources for MTC UEs with reduced BW support in normal coverage, MTC UEs in enhanced coverage (EC) on a per- EC level basis, and other UEs in normal coverage.

In our view, this issue can be solved by eNB implementation especially with the UE-specific PUCCH starting offset N(1) PUCCH for PDCCH-based PUCCH resource allocation, or with UE-specific PUCCH starting offset N(1) PUCCH and ARO for EPDCCH-based PUCCH resource allocation. 
An alternative solution is to configure independent set of PUCCH resources for MTC devices, which would lead to inefficient PUCCH resource utilization.

Proposal 1
· The same PUCCH resources for ACK/NACK are employed during the repetitions to allow cross-subframe channel estimation.

Proposal 2

· Separate PUCCH time-frequency resources should be allocated for MTC UEs with reduced BW support in normal coverage, MTC UEs in enhanced coverage (EC) on a per- EC level basis, and other UEs in normal coverage.

The existing UE-specific signalling for SR periodicity and subframe offset configuration can be reused for SR repetition. Note that the configured SR resource in the time domain can be interpreted as the potential starting subframe for SR repetition. In general, two options may be considered for the SR repetitions. In the first option, SR transmission is repeated at all available UL subframes starting from the configured SR resource. This would benefit from cross-subframe channel estimation to improve the detection while the corresponding PUCCH resource needs to be reserved for the UE in all UL subframes. An alternative option is to repeat the SR transmission only at the subframes configured for SR according to SR resource configuration. Considering delay tolerant MTC traffic, this option may be beneficial in terms of SR resource reservation as SR resources can be allocated for other UEs in different subframes and consequently, it is easier for a network to handle the multiple UE resources. Thus, it would be preferable that SR transmission is repeated only at the subframes configured for SR.

Proposal 3
· SR transmission is repeated only at the subframes configured for SR.
4 Considerations on UCI feedback: CSI measurements

In this section, we list some considerations related to CSI measurements and feedback as part of UCI feedback for Rel-13 LC MTC UEs with reduced BW support. 

Wideband CSI measurements and feedback
Typical wideband CSI measurements may not be possible for Rel-13 LC MTC UEs due to reduced BW support. Different approaches can potentially be considered to address this issue. Even though a Rel-13 LC MTC UE is not able to receive over BWs larger than 1.4 MHz, for systems with larger system BW, wideband CSI measurements may still be useful for the eNodeB to perform DL scheduling and potentially fine-tuning of the amount of coverage enhancement needed. Compared to subband-based CSI feedback that may be limited to 6 PRBs in frequency, wideband CSI feedback can provide more reliable results with more averaging over a larger number of Reference Signal resource elements. Such considerations can be seen to apply especially for MTC UEs requiring large amount of coverage enhancements. 

A simple way to support such wideband feedback can be to rely on UE implementation and use a CQI definition similar to current specifications, i.e., based on unrestricted observations in time and unrestricted observation interval in frequency. Thus, a UE may retune to different narrowbands within the wider system BW on different sets of subframes (depending on the feasibility due to the need for monitoring of certain narrowband for the physical downlink control channel for MTC), and perform channel estimation and averaging across frequency narrowbands and subframes to derive the wideband CQI.
Another alternative to derive the wideband CSI feedback that relies less on UE implementation is to define the CQI based on unrestricted observations in time and restricted observation interval in frequency so as to limit the observations to those PRBs within the narrowbands monitored by the device at specific subframes.  
Subband-based CSI measurements and feedback 

Subband-based CSI feedback can be most useful in realizing frequency selective scheduling gains for localized EPDCCH and PDSCH transmissions. Accordingly, the measurements for derivation of CQI at MTC UEs with reduced BW support (MTC-CQI) and their reporting should be time-restricted to the 1.4 MHz MTC narrowband that is being monitored by the LC MTC UE. Consequently, the UE should not perform any filtering/averaging across different MTC sub-regions that occur on different frequency locations. To achieve this, similar to existing definitions of CSI subframe sets, MTC-CSI subframe sets can be defined to correspond to different MTC narrowbands that are non-overlapping in time and span non-overlapping or partially overlapping frequency resources within the DL system BW, and the MTC UE is expected to report separate CSI feedback for each of the MTC-CSI subframe sets. Such a design can be facilitated easily when frequency hopping is applied for the DL physical channels such that UE naturally hops to and monitors different narrowbands within the system BW.
Currently, the number of subbands in the system is a function of the DL system BW and the set of subbands (S) is common to all UEs in the cell. However, for MTC UEs with reduced BW support, for a particular subframe or set of subframes, the set of subbands can be redefined as a singleton set and correspond to the set of 6 PRBs monitored by the UE for those subframe(s), irrespective of the DL system BW. Furthermore, since multiple MTC narrowbands can be defined within the system BW and different MTC UEs can be assigned to monitor or receive on different narrowbands within the system BW, the interpretation of the set of subbands (S) would be of UE-specific nature.

As another alternative to redefining the set of subbands (S), “intra-frequency” measurement gaps may need to be defined to allow the UE to perform measurements related to CSI feedback on the different subbands within the set S spanning the DL system BW.
Proposal 4
· RAN1 to further study and discuss the various options for CSI feedback and CQI definition for Rel-13 LC MTC UEs with reduced BW support considering the usefulness of both wideband and subband-based CSI feedback.
5 Conclusion

In this contribution, we provided our views on enhancements to uplink (UL) physical channels. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1

· The same PUCCH resources for ACK/NACK are employed during the repetitions to allow cross-subframe channel estimation.
Proposal 2
· Separate PUCCH time-frequency resources should be allocated for MTC UEs with reduced BW support in normal coverage, MTC UEs in enhanced coverage (EC) on a per- EC level basis, and other UEs in normal coverage.
Proposal 3
· SR transmission is repeated only at the subframes configured for SR.
Proposal 4
· RAN1 to further study and discuss the various options for CSI feedback and CQI definition for Rel-13 LC MTC UEs with reduced BW support considering the usefulness of both wideband and subband-based CSI feedback.
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