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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).
In this contribution, we share our views on enhancements to uplink (UL) physical channels with primary focus on PUCCH for MTC devices with reduced bandwidth and enhanced coverage in LTE systems. Our views on coverage enhancements for PUSCH are detailed in our companion contribution [4].
2 Discussion on Enhancement for Reduced Bandwidth
PUSCH enhancements for reduced bandwidth

Given the nature of PUSCH transmissions in legacy systems, narrowband operation for PUSCH transmissions limited to 6 PRBs can be supported in deployments with wider system bandwidth with relatively negligible specification effort. Narrowband operation for PUSCH transmissions can be realized via UE-specific scheduling. Depending on the RAN4 feedback in response to the RAN1 LS on retuning feasibility and retuning time [5] from one set of narrowband frequencies to another within the system bandwidth, the application of frequency hopping and the details of resource allocation signaling can be determined. 
Observation 1

· Significant specification impact for PUSCH is not expected for MTC UEs with reduced bandwidth.
PUCCH enhancements for reduced bandwidth

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.

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 [6].
3 Discussion on Coverage Enhancement 

In this section, we focus on coverage enhancement for PUCCH. Performance evaluations and our views on PUSCH coverage enhancements are presented in [4]. 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 [7], 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 CCE index for scheduling 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. However, this may 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.

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 2
· SR transmission is repeated only at the subframes configured for SR.
4 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 and observations:
Observation 1

· Significant specification impact for PUSCH is not expected for MTC UEs with reduced bandwidth.
Proposal 1
· The same PUCCH resources for ACK/NACK are employed during the repetitions to allow cross-subframe channel estimation.

Proposal 2
· SR transmission is repeated only at the subframes configured for SR.
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