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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  This WI aims at introducing a new low-cost MTC UE and allowing for enhanced coverage by 15 dB for these new MTC UEs and also other MTC UEs.  This contribution considers coverage enhancement for (E)PDCCH.
2 Discussion
The techniques identified in the WI objectives for coverage enhancement that are relevant to (E)PDCCH are:

1. A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

2. Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

PDCCH is used to indicate resource allocation for common control channels and also UE specific messages.  At least for common control channels like the SIB, this function can be reduced [2].  However, bypassing (E)PDCCH to access UE specific messages would require introducing blind decoding on PDSCH which would have a huge overhead in complexity since each blind decode would require numerous repetitions.  

Repetition of (E)PDCCH seems the simplest mechanism to enable coverage extension. Increasing the aggregation level (AL) could be one mechanism to introduce repetition to increase the coverage for MTC devices in extreme coverage scenarios.  In order to avoid increasing the size of the search space, candidates for low ALs (e.g. 1, 2 and 4) could be excluded for MTC devices requiring coverage extension.  However, in [3] it is shown that relying on high AL alone is not sufficient and hence repetition in time is required.  The same (E)PDCCH candidate should be transmitted in each repetition in successive subframes to avoid increasing the number of blind decodings required and to utilise the accumulation of RS (CRS or DMRS) pilot energy for channel estimation.  

Proposal 1: Remove low aggregation levels (e.g. 1, 2 and 4) for (E)PDCCH.

Proposal 2: Introduce time domain repetition in successive subframes for (E)PDCCH.

Proposal 3: Use the same (E)PDCCH candidate in each time domain repetition.
In order to support scalable spectral efficiency, several different levels of repetitions are required.  The level of repetitions would depend on the MTC UE radio conditions and can be configured during the RRC connection stage.  It is necessary that the starting time of an (E)PDCCH repetition is known to the MTC UE such that it can combine only subframes that contain these repetitions; however, there is no need to signal the possible starting times, since they can be specified such that they can be determinstically identified implicitly from the repetition level of the (E)PDCCH, for example as (10*SFN + ns+k1)mod (R+k2), where ns is the subframe number within the radio frame, k1 & k2 are offsets, and R is the repetition level.  The subframes of the corresponding PDSCH/PUSCH transmission would be determined from the starting position of the (E)PDCCH and the number of (E)PDCCH repetitions. 

Proposal 4: Support scalable spectral efficiency for (E)PDCCH.  The repetition level for (E)PDCCH transmissions can be configured during RRC connection setup.
Proposal 5: The start SFN/subframe of an (E)PDCCH repetition can be a determined implicitly from the repetition level used for that (E)PDCCH (e.g. as (10*SFN + ns+k1) mod (R+k2), where ns is the subfram number within the radio frame, k1 & k2 are offsets, and R is the repetition level).

For EPDCCH, it seems logical to use only EPDCCH sets for distributed transmission, since in [4] it is concluded that CSI is unlikely to be reliable and also is not required for MTC devices in coverage enhancement mode.  Hence, localised EPDCCH that relies on CSI feedback is not feasible.  

Proposal 6: In the case of EPDCCH, only distributed transmission is used for MTC devices requiring coverage extension.
The number of repetitions for PDSCH can be different to that for (E)PDCCH and hence a timing relationship between (E)PDCCH and PDSCH needs to be defined.  The following are some options, which are also shown in Figure 1:

· Option 1: (E)PDCCH and PDSCH starts in the same subframe.  In [5], it is proposed that (E)PDCCH and PDSCH have the same number of repetitions such that their repetitions also ends in the same subframe.
· Option 2: PDSCH repetition starts at the last (E)PDCCH repetition [6]

· Option 3: PDSCH repetition starts N subframes (where N can be 0) after the end of (E)PDCCH repetitions [7] [8].  
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Figure 1: (E)PDCCH & PDSCH timing relationship

Option 1 and Option 2 requires that the MTC device buffers and accumulate energy for the entire system bandwidth.  This is not feasible for low cost MTC UE.  The proposal in [5] requires that PDSCH and (E)PDCCH shares the same number of repetition which would requires that the MCS for PDSCH is limited such that it fits into the number of repetitions used for (E)PDCCH.  This reduces eNB scheduling flexibility.  
Option 3 does not require the MTC device to buffer the entire system bandwidth, which is feasible for low cost MTC UE.  However, Option 3 introduces delay in acquiring the PDSCH compared to Option 1.  It is possible to restrict Option 1 only for non-low cost MTC UE but this would lead to different design for the same procedure.  Since MTC device is delay tolerant, the benefit of smaller latency in Option 1 is therefore not essential.

Proposal 7: PDSCH repetition starts N subframes (where N can be 0) after the end of (E)PDCCH repetitions.

3 Conclusion

In this contribution we discuss the coverage enhancement for (E)PDCCH and we propose the following:

Proposal 1: Remove low aggregation levels (e.g. 1, 2 and 4) for (E)PDCCH.

Proposal 2: Introduce time domain repetition in successive subframes for (E)PDCCH.

Proposal 3: Use the same (E)PDCCH candidate in each time domain repetition.
Proposal 4: Support scalable spectral efficiency for (E)PDCCH.  The repetition level for (E)PDCCH transmissions can be configured during RRC connection setup.
Proposal 5: The start SFN/subframe of an (E)PDCCH repetition can be a determined implicitly from the repetition level used for that (E)PDCCH (e.g. as (10*SFN + ns+k1) mod (R+k2), where ns is the subfram number within the radio frame, k1 & k2 are offsets, and R is the repetition level).
Proposal 6: In the case of EPDCCH, only distributed transmission is used for MTC devices requiring coverage extension.
Proposal 7: PDSCH repetition starts N subframes (where N can be 0) after the end of (E)PDCCH repetitions.
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