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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  In RAN1#75 we agreed the following [2]:

· HARQ in UL and DL is supported in coverage enhanced mode 

· FFS on the details of HARQ realization for PUSCH

· FFS on the number of HARQ processes

· No need for UE to decode PCFICH in coverage enhanced mode.  Not to specify PCFICH repetition.

· FFS on how UE derives CFI

In this contribution we discuss some considerations for PCFICH and PHICH under coverage enhanced (CE) mode operation.
2 Discussions
2.1 PCFICH

It was agreed that there is no repetition for PCFICH for coverage enhancement operation and it was FFS on how the CE-MTC UE derives the CFI [2].  The following are some options considered in previous meetings on the derivation of CFI by the CE-MTC UEs under CE mode operation:
· Option 1: Fixed in the specifications [3]
· Option 2: Blind decoded by CE-MTC UE [4]
· Option 3: Indicated in the MIB [5]
In Option 1, the CFI value is fixed in the specifications.  At times when an eNB is not supporting coverage enhanced operation (and in any subframes where MTC UEs are not expected to receive the PDCCH), the eNB is free to indicate any CFI value on the PCFICH. When the eNB is supporting coverage enhancement UEs, the CFI value carried by the PCFICH would be set to the value fixed in the specs so that both legacy UEs and MTC UEs operating in coverage enhancement mode use a common CFI value.  PDCCH needs to be repeated in CE mode operation and to reduce the number of time repetition and delay, a high AL can be used, which consumes large PDCCH resources.  Hence, it make sense to give the largest resources possible for PDCCH and we can therefore fix this value to the largest value, i.e. 4 for 1.4 MHz and 3 for other system bandwidth.
In Option 2, the CE-MTC UEs are required to blind decode the CFI value.  In the legacy system, the CFI value is dynamic and can change in every subframe.  Since PDCCH needs to be repeated in CE mode, it would be easier for energy accumulation of repeated PDCCH samples if the CFI does not change during the repetition period.  Assuming this to be the case, the CE-MTC UE would still need to blind decode all PDCCH candidates over 3 possible CFI values which would increase the number of blind decodes from 44 to 132.  This may increase the cost of CE-MTC UE and hence may not be suitable for low cost MTC UE.
In Option 3, the CFI is indicated in the MIB.  The CFI value in PCFICH for normal UEs obviously needs to match that for the MIB in subframes where CE-MTC UE is expected to operate.  As discussed previously, it is beneficial to allocate large resource for PDCCH to reduce the number of time repetitions and hence there isn’t much benefit in configuring lower CFI values. Hence such flexibility is not needed.

Proposal 1: The CFI value is fixed in the specifications to 4 for 1.4 MHz and 3 for other system bandwidths during CE mode operation. 
2.2 PHICH
In the previous meeting [2], it was agreed that HARQ in UL and DL is supported in coverage enhanced mode.  HARQ-ACK feedback for PUSCH transmission is therefore required.  During the SI phase [6], coverage enhancement for PHICH was not studied since UL HARQ operation can be performed in an adaptive manner.  However, it was argued in [7] & [8] that providing HARQ feedback using (E)PDCCH consumes significant amount of resources, where it is estimated in [8] that feedback via PDCCH consumes 19× the resources compared to that in PHICH.  Hence, it was suggested that PHICH is used to provide ACK/NACK for PUSCH.  However, we need to carefully consider the impact in introducing PHICH for CE mode operation.
In the legacy system, PHICH feedback is sent 4 subframes after a UE’s PUSCH transmission and the resource used for PHICH is dependent upon the PUSCH resource used by that UE.  Since PHICH would require repetition in CE mode, these PHICH repetitions for a CE-MTC UE in CE mode may collide with the PHICH intended for normal UEs.  To avoid this collision, the eNB would have to impose some restriction on its scheduler, e.g. PUSCH resources corresponding to a PHICH repetition are not scheduled for normal UEs.  This would increase the complexity of the scheduler.
Frequency hopping may be used for PUSCH to provide frequency diversity gain.  Since the PHICH resource is dependent upon the resource index used in PUSCH, it is unclear how PHICH repetition would operate with PUSCH frequency hopping.  

Unlike PHICH, the UE identifies the relevant (E)PDCCH using the RNTI in the (E)PDCCH which avoids the need to tie the PHICH resource to the lowest RB index of the PUSCH, which avoids the extra complexity at the eNB scheduler.  A compact DCI has been proposed in previous meetings and one such DCI could be defined to specifically carry the ACK/NACK for PUSCH.  An extreme example is a DCI with 1 information bit (which can be represented by a codeword for coding gain) for the ACK/NACK and a 16 bit CRC that is masked with the CE-MTC UE RNTI.  Additional information can also be added to this DCI message, for example the Redundancy Version that is to be used in the next PUSCH retransmission.  Although a DCI carrying ACK/NACK would consume slightly more resources than that used for PHICH, it does not incur additional scheduling complexity for the eNB.  Hence we have a preference not to have coverage enhancement for PHICH.  If a non-adaptive HARQ is required, we prefer to use a compact DCI instead to carry the ACK/NACK.
Proposal 2: No coverage enhancement is required for PHICH to support CE-MTC UE operating in coverage enhanced mode.
Proposal 3: If non-adaptive HARQ is required, use a compact DCI to carry the ACK/NACK in (E)PDCCH.

3 Conclusion

In this contribution we discuss some aspect of PCFICH and PHICH.  We propose:
Proposal 1: The CFI value is fixed in the specifications to 4 for 1.4 MHz and 3 for other system bandwidths during CE mode operation.
Proposal 2: No coverage enhancement is required for PHICH to support CE-MTC UE operating in coverage enhanced mode.

Proposal 3: If non-adaptive HARQ is required, use a compact DCI to carry the ACK/NACK in (E)PDCCH.
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