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1
Introduction
In Rel-13 low-complexity UE WI [1], the additional required capabilities on top of Rel-12 low-complexity UE capabilities have been listed under three categories such as cost reduction, coverage enhancement, and reduced power consumption. As a part of further cost reduction, the followings have been agreed as  candidate techniques:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.
· Reduced maximum transmit power.

· Reduced support for downlink transmission modes.

· UE processing relaxations

The main difference from the Rel-12 low-complexity UE seems to be the reduced UE bandwidth from physical channel design perspective since some physical channels such as PDCCH and PHICH transmitted in wideband manner may not be supported by Rel-13 low-complexity UE. Therefore, physical channels used for the unicast traffic may need to be redesigned or modified to support unicast traffic with HARQ operation. In addition, coverage enhancement and power saving should be taken into account at the same time.

In this contribution, we therefore discuss on the potential candidate techniques for the physical channels related to unicast traffic for Rel-13 low-complexity UE.
2
Discussion
Due to the limited bandwidth capability, the Rel-13 low-complexity UE is not able to receive the PDCCH which carries DCI related to uplink and downlink dynamic unicast traffic scheduling. The simplest way to support DCI associated with PDSCH and PUSCH for the bandwidth limited UE is to use localized EPDCCH UE-specific search space as it can be configured within the reduced bandwidth and no additional specification efforts required. In this case, it makes more sense that common search space is also introduced based on EPDCCH in order to further reduce the cost by not supporting CRS based control channel transmission by the UE.

Proposal-1: EPDCCH USS is used for the DCI associated with PDSCH and PUSCH.

So far, it has been a typical UE behaviour that a UE monitors DCIs associated with PDSCH and/or PUSCH in any downlink subframe in the UE-specific search space. This allows full flexible resource allocation at the eNB scheduler and it is also beneficial to support various types of traffics. Given that the low-complexity UE is delay tolerant, reducing the number of downlink subframe for EPDCCH monitoring may provide significant benefits in terms of UE power saving in the RRC_CONNECTED mode of operation. In this case, for better resource utilization, the subset of downlink subframe for EPDCCH monitoring could be configured in a UE-specific manner.
Proposal-2: Rel-13 low-complexity UE monitors the DCI associated with PDSCH and PUSCH in a subset of downlink subframes.

Assuming that EPDCCH is used to carry the DCI associated with a PDSCH, the low-complexity UE may need to buffer all PDSCH region within the reduced bandwidth until it finishes all blind decoding attempts as the EPDCCH is transmitted in the PDSCH region and a UE may not be able to start decoding until it receives the last OFDM symbol of the subframe. Furthermore, the UE should buffer it even though no PDSCH is scheduled for the UE in the subframe, which seems to be a waste of UE processing power. Since the low-complexity UE is delay tolerant and the UE processing relaxation is also one of the design target, the post-FFT buffering of whole PDSCH region may be avoided by introducing cross-subframe scheduling as the PDSCH buffering can be performed after finishing EPDCCH decoding so that the low-complexity UE may know which PRBs need to be buffered or it may skip buffering if no PDSCH is scheduled in the subframe.

Proposal-3: consider cross-subframe scheduling in order to avoid unnecessary post-FFT buffering and relax the processing time.

For the uplink retransmission, both PHICH and UL grant have been used. Due to the limited bandwidth, the legacy PHICH is not available anymore for the Rel-13 low-complexity UE. Although UL grant based retransmission is still possible, the signalling overhead seems to be too much as the UL grant consumes much larger resources than PHICH. Considering that bandwidth is limited for the low complexity UEs and coverage enhancement techniques can be used together, the signalling overhead gets more significant. Therefore, keeping PHICH concept for the reduced bandwidth UE should be considered although it requires additional specification impacts. For example, enhanced PHICH may be defined within the reduced bandwidth and DM-RS may be used for demodulation as similar with EPDCCH. In order to minimize the legacy UE impacts, a subset of EPDCCH resource may be used for PHICH transmission.
Proposal-4: define EPHICH in the reduced bandwidth to minimize the control signalling overhead for retransmission.
In Rel-12, eIMTA was introduced so that dynamic traffic adaption between uplink and downlink is supported in TDD if eNB has eIMTA capability. However, due to the dynamic TDD subframe (re)configuration, some of coverage enhancement techniques may not be possible to use in eIMTA-enabled cell as its UL/DL subframe configuration could be changed dynamically and the coverage limited UE could not receive the reconfiguration DCI. In this case, either eIMTA is not able to be used or coverage enhanced mode should not be supported in eIMTA-enabled cell. Since the coverage enhanced mode can be used by any UE categories and its benefit is clear, the CE mode should be also supported in eIMTA-enabled cell and appropriate techniques should be studied.
Proposal-5: coverage enhancement should be supported in eIMTA-enabled cell as well.
3
Conclusion
In this contribution, we discussed on the potential issues for the physical channel impacts for the Rel-13 low-complexity UE. From the discussions, we propose followings:
Proposal-1: EPDCCH USS is used for the DCI associated with PDSCH and PUSCH.

Proposal-2: Rel-13 low-complexity UE monitors the DCI associated with PDSCH and PUSCH in a subset of downlink subframes.

Proposal-3: consider cross-subframe scheduling in order to avoid unnecessary post-FFT buffering and relax the processing time.

Proposal-4: define EPHICH in the reduced bandwidth to minimize the control signalling overhead for retransmission.

Proposal-5: coverage enhancement should be supported in eIMTA-enabled cell as well.
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