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1 Introduction

In 3GPP RAN1#81, progress has been made on physical downlink control channel for MTC. It has been agreed that:
	· A starting subframe of an M-PDCCH UE-specific search space is configured at least for enhanced coverage
· FFS details of configuration
· FFS whether configuration is implicit or explicit
· FFS whether configuration is UE-specific or cell-specific
· For an M-PDCCH candidate with {L, R}
· L: ECCE aggregation level, R: number of repetitions
· The L is the same within R subframes
· The ECCE indices are same within R subframes
· For an M-PDCCH UE-specific search space
· Multiple M-PDCCH candidates with the same {L, R} can be configured. 
· M-PDCCH candidates with different R can be configured for enhanced coverage.



In 3GPP RAN1#81bis, the following was further agreed.

	Agreement:

· Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified

· If CSS is necessary, 

· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes

· FFS whether or not to support more than one decoding candidate of the CSS in a narrowband. If it is supported, FFS for UEs monitoring the same narrowband, whether or not the UEs may monitor different decoding candidates of the CSS in the narrowband

· FFS: Starting subframe of M-PDCCH CSS and starting ECCE index of M-PDCCH candidate(s) for a CSS in a narrowband 
· For an M-PDCCH CSS for a UE in coverage enhancement
· M-PDCCH candidates with different R (number of repetitions) is supported


In this contribution we discuss further details for defining M-PDCCH for MTC UEs.
2 CRS and DMRS
M-PDCCH link performance using CRS together with DMRS has been studied in [3]. 

The performance results show that performing DMRS+CRS based channel estimation can improves the performance of M-PDCCH  of distributed format. For example, the performance is improved by 0.5dB compared to DMRS based channel estimation for both ETU and EPA channel.  

However, CRS+DMRS implies that the precoding matrix used on the DMRS is a priori known to the UE in some manner. For example, M-PDCCH always uses predefined, fixed precoding matrix, such that the precoding matrix does not vary from UE to UE. This limitation is not desirable for M-PDCCH of localized format, since it is useful for the eNodeB to perform beamforming in a UE-specific manner. 
Additionally, the CRS+DMRS scheme requires that the design functions well regardless of the number of CRS antenna ports used in the cell. This is difficult to define and has large specification impact.

Thus we have the following proposals.
Proposal:
· Support DMRS-based M-PDCCH demodulation
· Do not support CRS-based M-PDCCH demodulation
3 Localized and distributed M-PDCCH
In [3], both localized and distributed M-PDCCH link performance has been studied. The simulation results show that M-PDCCH of distributed format has better or comparable performance as that of localized. The exact comparison is affected by channel type, aggregation level used, DMRS power boosting, channel estimation, etc.

Overall, considering the varied channel conditions the LC/CE UE operates under. There is no compelling reason to remove either of the two formats. Hence both distributed and localized M-PDCCH should be supported as in legacy system.

When using distributed M-PDCCH with 6-PRB resource allocation, the existing ECCE mapping needs a slight modification, as discussed in [4]. The proposed modification has minimum impact to the specification and keeps M-PDCCH candidate construction procedure exactly the same as legacy E-PDCCH.
Proposal:
· Support both localized and distributed ECCE mapping for M-PDCCH construction.
· For distributed mapping, the existing PRB index formula for ECCE mapping is revised slightly with either a floor(.) or a ceil(.) function.

4 Starting subframe of M-PDCCH

For low-complexity UEs and UEs in coverage enhancement, repetition is necessary for M-PDCCH transmission. One open issue is the starting subframe of M-PDCCH. 

So far, the following agreements has been made: 

· For UE-specific search space, from the UE perspective, the possible starting sub-frames of physical downlink control channel for MTC repetitions are limited to a subset of subframes.
· A starting subframe of an M-PDCCH UE-specific search space is configured at least for enhanced coverage
· FFS details of configuration
· FFS whether configuration is implicit or explicit
· FFS whether configuration is UE-specific or cell-specific
· If CSS is necessary, 

· FFS: Starting subframe of M-PDCCH CSS and starting ECCE index of M-PDCCH candidate(s) for a CSS in a narrowband
For UE-specific search space, since the number of repetitions an M-PDCCH needs varies substantially as a function of coverage enhancement level, the spacing of the starting subframe of M-PDCCH should also be a function of coverage enhancement level. 

For common search space (e.g., for RAR and paging), the potential starting subframe should be fixed or provided by SIB. Compared to UESS, the UEs that monitor the same CSS may belong to a different range of coverage enhancement, e.g., PRACH repetition level. Hence the potential starting subframes may be different between UESS and CSS. However, to reduce the burden of M-PDCCH blind decoding, commonality between starting subframes of UESS M-PDCCH and CSS M-PDCCH is desirable.
Note that the spacing of the starting subframe does not necessarily have to exactly match the number of repetitions. Since there can be various number of unavailable DL subframes that needs to be skipped, the end subframe of a M-PDCCH varies. A M-PDCCH starts at subframe S with R repetitions may very well end at a subframe different from (S+R-1). However, the starting subframe has to follow absolute subframe indexing so that both eNodeB and UE know when an M-PDCCH transmission opportunity occurs. Hence the starting subframes should be defined with SFN and subframe index offset, and the starting subframes should be spaced evenly.

 Proposal:
· The potential starting subframe of M-PDCCH depends on the associated coverage enhancement level.
· The potential starting subframes of UESS M-PDCCH can be different from the potential starting subframes of CSS M-PDCCH.

· Align the potential starting subframes of UESS M-PDCCH with that of CSS M-PDCCH as much as possible.
5 Search space definition
Once the time domain parameter is available, the search space definition of EPDCCH can be extended to use for M-PDCCH. For M-PDCCH, the search space definition is thus a combination of time and frequency parameters. The set of blind decoding candidates is a specific set of combinations of time-frequency elements. 
In order to limit the total number of blind decoding candidates, the time-domain and frequency-domain combinations that are not useful should be removed. 
As an example, the construction of the blind decoding candidates is illustrated with R_set(2). If RRC configures R_set(2), there are four different repetition levels across subframes, as illustrated in Figure 1.
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Figure 1: Illustration of search space with R_set(2) = {1, 2, 4, 6}

More specifically,
· Repetition across subframes: R_set(2) = {1, 2, 4, 6};
· Resource allocation within a subframe needs to be provided. This has to be reduced from those of Rel-11 EPDCCH. As an example, Table 1 shows a reduced set of M-PDCCH candidates monitored by a UE in a subframe;


	Table 2: M-PDCCH candidates monitored by a UE in a subframe
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	L=2
	L=4
	L=8
	L=16
	L=24

	2
	1
	1
	1
	1
	0

	4
	1
	1
	1
	1
	0

	6
	0
	1
	1
	1
	1


Proposal:

· The set of M-PDCCH decoding candidates within a subframe is reduced from those of legacy EPDCCH when using the same 
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6 Conclusions
In this contribution we discussed the repetition and aggregation in time for M-PDCCH. Based on the discussion, we have the following proposals.

Proposals:

1. Support both localized and distributed ECCE mapping for M-PDCCH construction.

2. For distributed mapping, the existing PRB index formula for ECCE mapping is revised slightly with either a floor(.) or a ceil(.) function.

3. The potential starting subframe of M-PDCCH depends on the associated coverage enhancement level.

4. The potential starting subframes of UESS M-PDCCH can be different from the potential starting subframes of CSS M-PDCCH.

5. Align the potential starting subframes of UESS M-PDCCH with that of CSS M-PDCCH as much as possible.

6. The set of M-PDCCH decoding candidates within a subframe is reduced from those of legacy EPDCCH when using the same 
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