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1 Introduction

The low cost MTC SI was updated in RAN#57 [1] to include coverage improvements for MTC devices by 20 dB.  In this contribution we discuss some coverage improvement techniques for (E)PDCCH.
2 Discussion
PDCCH and EPDCCH are essential for indicating resource assignments/grants to the UE.  
In [2] it was proposed that PDSCH carrying the common control messages such as SIB could be blindly decoded.  Thus, the need to decode PDCCH would be bypassed.  However, the introducing blind decoding on PDSCH 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 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.  The required coverage improvement for PDCCH is 14.6 dB [3] with reference to a PDCCH (format 1A) with an AL of 8.  This would require an AL of 256 which is not feasible since it would exceed the PDCCH capacity in one subframe, espeically for low system bandwidths.  EPDCCH already uses AL>8 and hence the scope for further AL increase is limited.  Therefore it is clear that increasing the AL alone is not a sufficient solution to the problem.  
Another possibility could be to use repetition in successive subframes in the time domain to improve the coverage.  If the AL (in the frequency domain) is increased by a factor of 4 (to 32 for PDCCH and 64 for distributed EPDCCH) giving 6 dB gain, then another 9 dB can be obtained from an 8( repetition in the time domain, thus giving the required overall gain for (E)PDCCH.  The same (E)PDCCH candidate should be transmitted in each repetition to utilise the accumulation of RS (CRS or DMRS) pilot energy for channel estimation.  

Proposal 1: Consider introducing time domain repetition in successive subframes for (E)PDCCH.

Proposal 2: Use the same (E)PDCCH candidate in each time domain repetition.
The UE would need to know which group of subframes contained the repeated (E)PDCCH – i.e. where the repetitions started, in order to be able to combine the repetitions without increasing the number of blind decodes. Therefore (E)PDCCH transmissions for MTC devices should only start in certain subframes, e.g. given by (SFNx10 + ns)mod8=0 if 8x time domain repetition is used (where ns is the subframe number within the radio frame). 
Proposal 3: (E)PDCCH transmissions to MTC devices start at predefined subframes only.
It should be noted that not all MTC devices require the maximum 20 dB coverage extension.  A single repetition level targeting for 20 dB coverage extension is not spectrally efficient given that the amount of repetition involved is very large (i.e. in the hundreds).  Therefore it is much more spectrally efficient to have a few levels of coverage extension such that a MTC device in a favourable radio condition (but still in a coverage hole) does not need to perform the maximum amount of repetition.  For initial messages, e.g., for RRC connection setup, the repetition level can be indicated in the system information as described in [4].  The repetition level for at least the UE specific search space of the (E)PDCCH can be changed to another level if required after the RRC connection setup phase.
Proposal 4: Consider introducing several configurable coverage/repetition levels for (E)PDCCH for MTC devices, at least for the UE specific search space.
Some alternatives can be considered for the timing relationship between PDSCH and (E)PDCCH:

· Option 1: (E)PDCCH and the corresponding PDSCH are contained in the same set of subframes as shown in Figure 1.  In this arrangement the MTC device is able to start buffering PDSCH as soon as it has sufficient (E)PDCCH samples to decode the (E)PDCCH.  However, the MTC device needs to buffer the entire system bandwidth until the (E)PDCCH can be decoded.  Also, it should be borne in mind that the number of subframes needed for repetitions of PDSCH is likely to be greater than for (E)PDCCH.
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Figure 1: Option 1, PDSCH starts in the same subframe as the start of the corresponding (E)PDCCH transmission

· Option 2: The PDSCH transmissions starts after the (E)PDCCH repetitions have completed.  Since the (E)PDCCH are the same in each repetition, the MTC device may not need to buffer the whole of each subframe, it just needs to combine the signal energy.  
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Figure 2: Option 2, PDSCH subframes come after repetition of (e)PDCCH is completed
Option 1 may slightly reduce the latency in decoding PDSCH since the MTC device need not wait till the end of the (E)PDCCH repetitions.  However, the service for such MTC devices is delay tolerant.  Option 2 seems preferable since it reduces the MTC device complexity.  

Proposal 5: PDSCH transmission commences in a subframe after all repetitions of (E)PDCCH are complete.

Finally, for EPDCCH, it seems logical to use only EPDCCH sets for distributed transmission, since in [5] it is concluded that CSI is unlikely to be reliable and also is not required for MTC devices in coverage holes.  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.

3 Conclusion

In this contribution we discuss coverage extension for (E)PDCCH.  We propose the following:  
Proposal 1: Consider introducing time domain repetition in successive subframes for (E)PDCCH.

Proposal 2: Use the same (E)PDCCH candidate in each time domain repetition.
Proposal 3: (E)PDCCH transmissions to MTC devices start at predefined subframes only.
Proposal 4: Consider introducing several configurable coverage/repetition levels for (E)PDCCH for MTC devices, at least for the UE specific search space.
Proposal 5: PDSCH transmission commences in a subframe after all repetitions of (E)PDCCH are complete.

Proposal 6: In the case of EPDCCH, only distributed transmission is used for MTC devices requiring coverage extension.
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