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Discussion and Decision
1
Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [1]. Key detailed objectives include (1) new Rel-13 low complexity UE category/type for MTC operation, (2) relative LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. In this contribution, we discuss control channel enhancement in light of complexity reduction, coverage enhancement, and power saving.

2
(E)PDCCH
Since the bandwidth of the MTC UE is reduced to 1.4 MHz and the MTC UE should be able to operate in any system bandwidth. This means that the physical control channel for MTC must be restricted to 1.4 MHz regardless of the system bandwidth. While there is no issue when the system bandwidth is also 1.4 MHz, to enable operation in wider system bandwidths, frequency multiplexing of MTC UEs must be supported. The EPDCCH, being a bandwidth-reduced control channel, is suitable for this case as well as for the standalone, non-multiplexed case, providing a harmonized design for both types of deployment. Furthermore, one of the benefits of EPDCCH for MTC is that power spectral density (PSD) boosting is achieved, as illustrated in Figure 1. Therefore, for a UE in coverage enhancement mode, fewer repetitions are needed than if the power is spread over the entire channel bandwidth. The EPDCCH is also less likely to be a bottleneck than the PDCCH. It additionally affords the flexibility of allowing data transmission on the PDSCH to be scheduled sequentially for coverage-enhanced UEs, providing a further benefit. As illustrated in the figure, the PDSCH can be transmitted after transmission of all the EPDCCH subframes. Elimination of the PDCCH, and the support of only EPDCCH, reduces UE complexity. It is possible to further reduce the UE complexity with respect to the number of EPDCCH blind decoding attempts and aggregation levels.
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Figure 1. EPDCCH + PDSCH channels in coverage enhancement.
In wideband system, the performance of the PDCCH is better than the EPDCCH due to frequency diversity gain. However, at 1.4MHz, little frequency diversity is expected. Thus, EPDCCH is a better choice in term of complexity reduction, supporting stand-alone and multiplexed deployment, and coverage enhancement. Therefore, it is proposed that only EPDCCH is supported for Rel-13 low-complexity UE and UEs in coverage enhancement mode.
Proposal 1: Only EPDCCH is supported for Rel-13 low-complexity UE and UE in coverage enhancement mode.
Note that a compact DCI may also be applicable here. A very compact DCI may be used to reduce the EPDCCH overhead. There are several ways to reduce the DCI payload e.g. by restricting the MCS or supporting only limited RB assignment. Alternately, several predefined assignment may be pre-configured with only the index signaled to the UE. For a narrowband system, it may be sufficient to schedule only one UE at a time. Compact DCI can also help with power consumption as it reduces the number of repetition required in CE mode.
Proposal 2: Consider compact DCI for EPDCCH overhead reduction.
From [4], coverage enhancement will require approximately 16.8 dB extension to the EPDCCH for the 15dB coverage enhancement (CE) level. EPDCCH simulation results are provided in Figure 2. It can be seen from the figure that coverage enhancement can be met through a combination of PSD boosting and repetition. 
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Figure 2.  EPDCCH performance (FDD).
To support scalable coverage enhancement, multiple repetition factors corresponding to different coverage enhancement levels should be defined (e.g. 5, 10, 15 dB). Initially, the UE may be preconfigured with a default repetition factor based on PRACH access (e.g. based on the PRACH repetition factor selected by the UE). Afterward, the UE can be configured to use one of the repetition factors based on measurement reports (e.g. RSRP/RSRQ or long-term CQI). This could be done in a semi-static manner through higher-layer signalling.
3
PHICH/PCFICH
In Rel-12 work for coverage enhancement, it was agreed that the PHICH and PCFICH will not be supported in CE mode. For Rel-13, we also propose that only the EPDCCH is used as discussed in Section 2. As there is no PDCCH, the PCFICH is not required and can be eliminated also for normal operation.

Acknowledgements for uplink transmissions can be achieved implicitly: a grant on the EPDCCH would indicate a NACK. Thus the PHICH can be eliminated to reduce UE complexity.
Proposal 3: PHICH and PCFICH are not supported for Rel-13 low-complexity UE and UE in coverage enhancement mode.
4
PUCCH
The PUCCH is used to transmit UCI such as ACK/NACK, SR, CQI, and PMI/RI. These information are needed to provide efficient system operation. Without ACK/NACK, the eNB would have to rely on RLC-level ARQ which can be inefficient. Furthermore, by relying on RLC ARQ, the eNB will lose the benefits of HARQ which can include diversity gain and adaptive retransmission. 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.
In term of complexity reduction, it should be studied whether periodic CQI and PMI feeback on the PUCCH is needed. CSI information helps with scheduling, MCS selection and link adaptation. This information can be obtained from either periodic or aperiodic CQI report. Alternately, the eNB can use RSRP/RSRQ reporting by the UE and outer-loop link adaptation to select MCS. They reflect long-term channel characteristics which may be sufficient for UEs with low or no mobility. With respect to PMI, in some cases, the UE may be able to achieve considerable beamforming or precoding gain. This is especially true for systems with large number of antennas. With limited or no UE mobility, the preferred PMI may remain unchanged for a long term. Hence, periodic PMI reporting on the PUCCH may not be needed. However, it may be beneficial to transmit long-term PMI report to the eNBs using aperiodic reporting on the PUSCH. Therefore, it is proposed to consider further whether aperiodic PMI may be sufficient.
Proposal 4: PUCCH is supported for Rel-13 low-complexity UE at least for ACK/NACK and SR. Consider whether periodic CQI and PMI feedback on PUCCH are needed.
In RAN1#75, it was agreed as a working assumption that ACK/NACK will be supported in CE mode while there will be no support for periodic CSI over PUCCH. Without ACK/NACK, the eNB would have to rely on RLC-level ARQ. This may be reasonable for delay-tolerant traffic. Even if the traffic is delay tolerant, the delay budget may be exceeded if we need to rely on RLC ARQ only. Also, without HARQ a smaller initial BLER target may be needed (e.g. 1% without HARQ versus 10% with HARQ). This can result in substantially larger number of repetitions required for the PDSCH. For instance, approximately 4dB gain is neeeded to achieve 1% instead of 10%.  This will require more than doubling the number of PDSCH repetitions. Thus, from both overhead and latency points of view, it makes sense to support ACK/NACK.

SR transmission uses similar format as the ACK/NACK, and so can also support repetition if needed. 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. If the UE only has timed transmission (e.g. smart meter timed to report once a day), then it might make sense to rely on the PRACH for scheduling request. However, other traffic models can lead to inefficient system operation if SR is replaced with PRACH.

Therefore, it is proposed that ACK/NACK and SR are supported in CE mode.

Proposal 5: Support ACK/NACK and SR repetition in coverage enhancement mode. 
5
Conclusion
In this contribution, we discuss control channel enhancement in light of complexity reduction, coverage enhancement, and power saving. Based on our analysis, the following proposals are made –

Proposal 1: Only EPDCCH is supported for Rel-13 low-complexity UE and UE in coverage enhancement mode.
Proposal 2: Consider compact DCI for EPDCCH overhead reduction.
Proposal 3: PHICH and PCFICH are not supported for Rel-13 low-complexity UE and UE in coverage enhancement mode

Proposal 4: PUCCH is supported for Rel-13 low-complexity UE at least for ACK/NACK and SR. Consider whether periodic CQI and PMI feedback on PUCCH are needed.

Proposal 5: Support ACK/NACK and SR repetition in coverage enhancement mode.
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