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1. Introduction
A new work item of “Further LTE Physical Layer Enhancements for MTC” has been agreed in Rel-13 [1]. It proposes to further reduce complexity of MTC in Rel-12 by specifying some complexity reduction techniques and coverage enhancement. The complexity reduction aspect  and coverage enhancement target of this WI is captured as follows [1]:

· 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 supporting the following additional capabilities:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink

· Reduced maximum transmit power

· Reduced support for downlink transmission modes

· The following further UE processing relaxations can also be considered within this work item:

· Reduced maximum transport block size for unicast and/or broadcast signalling.

· Reduced support for simultaneous reception of multiple transmissions.

· Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).

· Reduced support for CQI/CSI reporting modes.
· 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.

This contribution gives some discussion on the design of downlink control channel ((E)PDCCH) and uplink control channel (PUCCH), considering both of the new WID and the agreements / working assumptions of the Rel-12 work item.


2. (E)PDCCH
2.1. For low complexity
Based on the WI [1], since R13 MTC UE only support narrow band (1.4MHz), one of the most crucial aspects related to reduced bandwidth support is the issue of the support of control channels (PDCCH, PCFICH and PHICH) which are wideband. In this contribution, we only discuss PDCCH.
R13 MTC UE can’t decode PDCCH based on the analysis above, so we must find an alternative control channel that is reduced to 1.4MHz bandwidth. EPDCCH is suitable for this case which is already specified. According to the finished specification, the EPDCCH is used only for UE-specific message transmission, and the legacy UEs can receive common message by monitoring CSS on PDCCH. However, the R13 MTC UE can’t decode the common message in PDCCH, which can contain the configuration message of EPDCCH. So EPDCCH should carry some common message for R13 MTC UEs through the way R13 MTC UEs know the CSS EPDCCH resources in advance.
Proposal 1: EPDCCH should carry some common message, and these CSS EPDCCH resources should be known by R13 MTC UEs in advance by fixed location or dynamic frequency hopping location. 
2.2. For coverage enhancement
When UE is in a coverage enhancement mode, normal EPDCCH can’t satisfy the need of coverage enhancement. One solution is to implement the power spectral density boosting, another solution is to repeat the EPDCCH some times. It is up to RAN4 to determine the repetition times and power boosting range.
Proposal 2: It is up to RAN4 to determine the repetition times and power boosting range.
3.  PUCCH

3.1. For low complexity
PUCCH is distributed at the both edges of the system bandwidth, which R13 MTC UEs can only support 1.4MHz bandwidth. It is obvious that if the system bandwidth is larger than 1.4MHz, the R13 MTC UEs can’t transmit uplink control information in PUCCH resources. According to the R13 MTC UEs, we can design a new narrow bandwidth PUCCH, which is distributed at the both edges of MTC 1.4MHz bandwidth.

Proposal 3: A new narrow bandwidth PUCCH can be designed for R13 MTC, and the new PUCCH can be located at the edges of the R13 MTC supported bandwidth.
The PUCCH is used to transmit UCI such as ACK/NACK, SR, CQI, and PMI/RI. These information are needed to provide efficient system performance. While in R13, MTC is aiming to complexity reduction, it should be restudied which information should be carried and which information can be eliminated in the new NB (narrow bandwidth) PUCCH. 
ACK/NACK is used to guarantee the correct transmission of PDSCH. Without ACK/NACK, the eNB would have to rely on RLC-level ARQ which may cause many retransmission and is inefficient. Without support for SR, the UE will have to use the PRACH to convey pending data to the eNB. To use the PRACH for this purpose will need both PRACH and RAR (PDCCH + PDSCH) transmissions, all of which require extensive resources. In addition, this can increase the load on the random access channel, leading to collisions and reduced capacity. Therefore, at least ACK/NACK and SR should be supported for Rel-13 low-complexity UE [2].
According to the fact, the less feedback information carried by NB PUCCH, the more power consumption reduction, we should consider carefully whether the CQI and PMI/RI feedback on the NB PUCCH is needed. CSI information helps with scheduling, MCS selection and link adaptation. This information can be obtained from either periodic or aperiodic CSI report. It can adapt to the channel mobility effectively and achieve a high system performance by using the CSI information. However, R13 MTC UEs have no mobility or little mobility, so the system performance degradation is slight if the periodic CSI report is dropped. Nevertheless, it may be beneficial to transmit aperiodic CSI report.
Proposal 4: The NB PUCCH should at least carry ACK/NACK, SR, and whether the CSI information is carried should be considered carefully. 

3.2. For coverage enhancement
In order to satisfy the need of coverage enhancement in R13 MTC, the simple way of repetition should be considered.
Proposal 5: The NB PUCCH repetition should be supported in coverage enhancement mode.



4. Conclusion
In this contribution, we discuss the downlink and uplink control channels for Rel-13 MTC LW (low complexity) and CE (coverage enhancement) UEs. Based on the above analysis, we proposed:
Proposal 1: EPDCCH should carry some come message, and these CSS EPDCCH resource should be known by R13 MTC UEs in advance by fixed location or dynamic frequency hopping location. 
Proposal 2: It is up to RAN4 to determine the repetition times and power boosting range.

Proposal 3: A new narrow bandwidth PUCCH can be designed for R13 MTC, and the new PUCCH can be located at the edges of the R13 MTC supported bandwidth.

Proposal 4: The NB PUCCH should at least carry ACK/NACK, SR, and whether the CSI information is carried should be considered carefully. 

Proposal 5: The NB PUCCH repetition should be supported in coverage enhancement mode.
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