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Discussion and decision
1 Introduction
As captured in WID [1], a new UE category/type for MTC operation supports the following capabilities:

· 1 Rx antenna.
· Downlink and uplink maximum TBS size of 1000 bits. 
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.
In addition to the above capabilities, it was agreed in RAN1#74 that the new UE category also includes: 

· No need to support 64QAM for uplink

· The maximum number of supported layers for downlink and uplink is 1

Furthermore, one of the objectives in WID is:
· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels
Given above capabilities, RAN1 made some agreements for coverage improvement technique for, e.g. PBCH and PRACH. In this contribution, PHICH and PCFICH are discussed based on the outcome of low-cost and enhanced coverage MTC UEs.
2 Discussion
For each capability of new UE category/type defined in WID, RAN1 has already evaluated the performance corresponding to PHICH and PCFICH [2]:
· 1 Rx antenna

· Depending on the channel conditions, the performance loss is expected to be of the order of 3-6dB for PDCCH (for 1% BLER), 3-5dB for PCFICH (for 1% BLER) and 3-6dB for PHICH (for 0.1% BLER).
· Downlink and uplink maximum TBS size of 1000 bits
· TBS size restriction does not make the coverage worse.
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband
· If CRS is processed in the entire carrier bandwidth, as is currently done, the performance of PCFICH/PHICH/PDCCH should remain the same. However, the coverage may be affected if CRS is processed within narrower bandwidth in PDSCH region which results in larger channel estimation error.
Overall, from the cost reduction perspective, the coverage loss on PHICH and PCFICH mainly comes from 1 Rx antenna capability. For CRS processing, taking entire carrier bandwidth is preferred in terms of coverage aspect as well as reusability of exiting receiver processing block as much as possible. 
During the previous RAN1 discussion, PHICH and PCFICH were neglected in the MCL evaluation for the analysis of coverage enhancement. Moreover, it was assumed that the function of PHICH could be implemented by PDCCH in case of cell edge (i.e. PHICH-less operation). In case of PHICH-less operation, the UE is not expected to decode PHICH in a subframe where an UL grant is not detected and the UE will deliver an “ACK” from PHY to MAC layer. For the PCFICH, it was identified that with some additional complexity in UE (e.g. decoding of control channel assuming different CFI) or higher-layer signalling (e.g. pre-configuration of CFI), PCFICH might be eliminated. In our view, the former is less attractive due to the additional UE complexity while higher-layer signalled CFI may not be feasible if SIBs are scheduled by PDCCH. Alternatively, PCFICH can be eliminated by using fixed value CFI. 
Therefore, for the low-cost and enhanced coverage MTC UE, it is proposed that:
· PHICH for low-cost and enhanced coverage MTC UE can be eliminated. 
· The UE is not expected to decode PHICH in a subframe where an UL grant is not detected and the UE will deliver an “ACK” from PHY to MAC layer.
· PCFICH for low-cost and enhanced coverage MTC UE can be eliminated.
· CFI value can be fixed or higher-layer signalled.

3 Conclusion
In this contribution, PHICH and PCFICH are discussed for the low-cost and enhanced coverage MTC UEs. 

The proposal is:
· PHICH for low-cost and enhanced coverage MTC UE can be eliminated. 
· The UE is not expected to decode PHICH in a subframe where an UL grant is not detected and the UE will deliver an “ACK” from PHY to MAC layer.

· PCFICH for low-cost and enhanced coverage MTC UE can be eliminated.
· CFI value can be fixed or higher-layer signalled.
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