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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 on (E)PDCCH [2]:
· For UE-specific search space, 

· (E)PDCCH to schedule PDSCH is supported.

· Repetition of (E)PDCCH with multiple levels is supported. 

· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames.

This contribution discusses some considerations on coverage enhancement for (E)PDCCH taking into account the above agreements.

2 Repetition of (E)PDCCH
In RAN1#75 [2] we agreed to support multiple repetition levels for (E)PDCCH.  Since the CE-MTC UE is expected to be stationary, we do not expect frequent changes to the repetition levels and hence it can be semi-statically configured (e.g. RRC configured).  This can be performed during RRC connection stage, e.g. via Message 4 of the RACH access [3].  Although not formally agreed, it is expected that the (E)PDCCH repetition occurs in contiguous subframes (subject to the constraint in the case of TDD that they are downlink subframes).
Proposal 1: The repetition level for (E)PDCCH for a CE-MTC UE is semi-statically configured via RRC signalling.
Proposal 2: (E)PDCCH repetitions occur in contiguous subframes (subject to the constraint in the case of TDD that they are downlink subframes).
The repetition level would tell the CE-MTC UE the number of repetitions to accumulate.  However, it also needs to know the starting subframe where it can start accumulating (E)PDCCH samples.  Since it was agreed that the possible starting subframes are limited to a subset of subframes [2], a straightforward method would be to make the starting SFN and subframe a function of the number of repetitions of the (E)PDCCH [4] [5], for example subframes satisfying (10*SFN + ns+k1)mod (R+k2)=0, where ns is the subframe number within the radio frame, k1 & k2 are offsets, and R is the repetition level.  
Proposal 3: The starting SFN/subframe of an (E)PDCCH repetition can be a determined implicitly from the repetition level used for that (E)PDCCH (e.g. as subframes satisfying (10*SFN + ns+k1) mod (R+k2) = 0, where ns is the subframe number within the radio frame, k1 & k2 are offsets, and R is the repetition level).

3 Signalling of repetition level for PDSCH/PUSCH

We agreed to support multiple repetition levels for PDSCH and PUSCH [2].  Different repetition levels can be seen as an extension to the set of available MCSs, and therefore the question arises how many combinations of MCS and repetition level need to be available. It at least seems unlikely that the highest MCSs would ever be used in conjunction with repetition; indeed, one possibility could be to allow only the lowest MCS to be used for PDSCH and PUSCH in conjunction with repetitions; to support different TBSs, the eNB can vary the number of PRBs scheduled.  However, this strategy would limit the eNB scheduling flexibility (i.e. unable to exchange PRBs for more repetitions by increasing the MCS).  
Since the MCS is signalled in the DCI carried by (E)PDCCH, it would make sense to also signal the number of repetitions in the DCI of the (E)PDCCH (note that the number of repetition levels needed for PDSCH and PUSCH is FFS).  We do not expect to need 32 levels of MCS for CE-MTC UEs and hence we can reduce the number of bits for MCS.  Furthermore we do not need power control for CE-MTC UE since messages are expected to be transmitted at maximum power.  The bits not used for MCS and/or power control can be used to indicate the number of repetitions for PDSCH or PUSCH.
Proposal 4: The number of repetitions for PDSCH and PUSCH can be indicated in (E)PDCCH by reusing bits not use for a reduced set of MCS and/or power control.
4 Scheduling of SI

In [6] we showed that it is less complex to use PDCCH to indicate the format for the RAR than using a PDCCH-less scheme.  In general, SIBs are transmitted more often than the RAR and hence using PDCCH with repetitions to indicate the format of the SIBs would consume a lot of limited PDCCH resources.  Due to the need for repetitions of the SIBs, it is beneficial that the SIB resource allocation is not changed frequently and therefore using PDCCH to indicate a relatively static resource allocation is not efficient.  Furthermore, accumulating repetition samples of PDCCH will introduce delay in SIB acquisition.  Hence for SIBs, we prefer to avoid using PDCCH.  
SIB1 could be extended to indicate the resource allocation of all the other SI which is consistent with legacy system but with the exception that SIB1 also indicates the PRB allocations of the other SIBs.  The resource allocation of SIB1 can be indicated in the reserved bits of the MIB (e.g. using 2-3 bits to indicate one of a predefined set of allocations), which can also be a function of the system bandwidth and Cell ID [7].
Proposal 5: PDCCH is not used to indicate SIB repetition and resource allocation.

Proposal 6: The SIB1 repetitions and resource allocation can be indicated by a predefined index in the MIB and/or be a function of the system bandwidth and Cell ID.

Proposal 7: The repetitions and resource allocation of the other SIBs can be indicated in SIB1.
5 Aggregation levels for (E)PDCCH

Several ALs can be used for (E)PDCCH in the legacy system.  If the number of repetitions for (E)PDCCH can change for a specific repetition level, then in addition to the AL the CE-MTC UE also needs to blindly detect the different repetition levels.  To maintain the number of blind decodes, we can:
· Option 1: Use a fixed number of repetitions in each repetition level but vary the AL

· Option 2: Fix the AL but vary the number of repetitions in each repetition level

· Option 3: Reduce the number of ALs and have several numbers of repetitions in each repetition level

Option 1 would have smallest change to the current specifications.  Option 2 and Option 3 would require a method to eliminate some of the ALs.  Comparing Option 2 and Option 3, Option 2 would lead to a change to the current operation of the eNB scheduler.  We would prefer either Option 1 or Option 3.

Proposal 8: On number of repetitions and AL of (E)PDCCH, we prefer either:

· Fix the number of repetitions (in each repetition level) but allow the current flexibility of AL selection, or

· Reduce the number of ALs available and allow several numbers of repetitions in each configured repetition level

6 EPDCCH operation

For EPDCCH, it seems logical to use only EPDCCH sets for distributed transmission, since in [2] it is concluded that CSI is not sent in CE mode and also it is unlikely to be reliable.  Hence, localised EPDCCH that relies on CSI feedback is not feasible.  

Proposal 9: In the case of EPDCCH, only distributed transmission is used for MTC devices requiring coverage extension.
7 Search space 

In the legacy system the (E)CCE of an (E)PDCCH candidate changes every subframe dependent upon the hashing function Yk.  Therefore the REs of a specific (E)PDCCH candidate changes every subframe.  The CE-MTC UE would need to combine different REs in each subframe for the same (repeated) (E)PDCCH candidate.  This may make it difficult to utilise cross subframe channel estimation.  Alternatively, the eNB can ensure that the (E)CCEs of the targeted (E)PDCCH do not change for several subframes, or, for simplicity, they do not change for all repeated (E)PDCCH samples.  One way to implement this is to maintain the current search space equation but change the hashing function so that it is a function of the number of repetition:  
Proposal 10: The hashing function for the (E)PDCCH search space is modified to be a function of the number of (E)PDCCH repetitions so that the targeted (E)PDCCH candidate occupies the same (E)CCE across all repeated subframes.
8 Conclusion

In this contribution we discuss (E)PDCCH operation in CE-mode.  We propose:
Proposal 1: The repetition level for (E)PDCCH for a CE-MTC UE is semi-statically configured via RRC signalling.
Proposal 2: (E)PDCCH repetitions occur in contiguous subframes (subject to the constraint in the case of TDD that they are downlink subframes).
Proposal 3: The starting SFN/subframe of an (E)PDCCH repetition can be a determined implicitly from the repetition level used for that (E)PDCCH (e.g. as subframes satisfying (10*SFN + ns+k1) mod (R+k2) = 0, where ns is the subframe number within the radio frame, k1 & k2 are offsets, and R is the repetition level).

Proposal 4: The number of repetitions for PDSCH and PUSCH can be indicated in (E)PDCCH by reusing bits not use for a reduced set of MCS and/or power control.
Proposal 5: PDCCH is not used to indicate SIB repetition and resource allocation.

Proposal 6: The SIB1 repetitions and resource allocation can be indicated by a predefined index in the MIB and/or be a function of the system bandwidth and Cell ID.

Proposal 7: The repetitions and resource allocation of the other SIBs can be indicated in SIB1.
Proposal 8: On number of repetitions and AL of (E)PDCCH, we prefer either:

· Fix the number of repetitions (in each repetition level) but allow the current flexibility of AL selection, or

· Reduce the number of ALs available and allow several numbers of repetitions in each configured repetition level

Proposal 9: In the case of EPDCCH, only distributed transmission is used for MTC devices requiring coverage extension.
Proposal 10: The hashing function for the (E)PDCCH search space is modified to be a function of the number of (E)PDCCH repetitions so that the targeted (E)PDCCH candidate occupies the same (E)CCE across all repeated subframes.
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