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1. Introduction
At the last RAN1 meeting, the EPDCCH was agreed as a starting point for design of physical downlink control channel for MTC in both normal coverage and enhanced coverage [1]. 

Agreements:

· Confirm the working assumptions:

· Rel-11 EPDCCH is a starting point for design of a physical downlink control channel for MTC at least for MTC UEs in coverage enhancement

· Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for MTC UEs in normal coverage

Furthermore, initial discussion on constructing UE-specific search space for Rel-13 low complexity MTC (LC-MTC) was carried out and the following progress was made. 
Agreements:

· Multiple ECCE aggregation levels and multiple numbers of repetitions are defined in specification for ‘Physical downlink control channel for MTC’

· A set of possible combinations of {ECCE aggregation level, number of repetition} is defined in the spec

· FFS: what combinations of ECCE aggregation levels and numbers of repetitions to support

· The following earlier RAN1 agreements are not affected by the above FFS.

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs

· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs

· FFS: how to define starting ECCE indices

· A subset of the above set of combinations can be semi-statically configured for constructing a UE-specific search space for ‘Physical downlink control channel for MTC’ by higher-layer signaling

· If configured by higher-layer signaling, it is FFS whether signaling is implicit or explicit.

· Parameters defining an ‘Physical downlink control channel for MTC’ blind decoding candidate in a UE-specific search space (USS) include at least an ECCE aggregation level and a number of repetitions
· FFS: Other signaling mechanisms and parameters in addition to above set of combinations for constructing UE specific search space
In this contribution, we will further analyze the MPDCCH related issues including the search space design and DCIs for Rel-13 LC-MTC. Then our views will be revealed based on the analysis. 
2. UE-Specific Search Space for Rel-13 LC-MTC
For Rel-13 LC-MTC UEs, ECCE aggregation level and repetition level are two important components for the UE-specific search space construction. Which combinations between these two components should be supported needs further study.  In Rel-12, the following options were provided for study [2]. 

· Option 1: single (E)CCE aggregation level and multiple repetition levels

· Option 2: multiple (E)CCE aggregation levels and single repetition level

· Option 3: multiple (E)CCE aggregation levels and multiple repetition levels

In this section, we will discuss the feasible combinations for search space construction in normal coverage and enhanced coverage respectively. Besides, some potential problems when supporting multiple repetition levels will also be addressed. 

1.1 Normal coverage 
For the Rel-13 LC-MTC UEs in normal coverage, although only 1Rx is equipped and the MPDCCH detection performance would be deteriorated compared with that for 2Rx normal UEs, the maximum aggregation level equivalent of L=24 ECCEs can be utilized to guarantee the coverage requirement. Thus, repetitions may not be necessary. Similar to normal LTE UEs, multiple ECCE aggregation levels can be supported for link adaptation purpose. In this case, the legacy search space design can be highly reused for simplicity. 
Proposal 1: Multiple ECCE aggregation levels and single repetition level (repetition=1) can be configured for MTC UEs in normal coverage.
1.2 Enhanced Coverage 

For the Rel-13 MTC UEs in enhanced coverage, only relying on the maximum ECCE aggregation level can’t satisfy the receiving requirement and repetitions are required to guarantee the coverage performance. In this case, utilizing different number of repetitions and/or ECCE aggregation levels to adapt channel condition change is possible. The three options above are potential solutions. 
If we fix the repetition level and only utilize different ECCE aggregation levels (Option 2) for link adaptation, MTC UEs in better channel condition would be scheduled with a lower ECCE aggregation level combined with fixed repetitions. On the other hand, for MTC UEs in worse channel condition, a higher ECCE aggregation level combined with this fixed repetition level would be chosen. Hence, irrespective of channel conditions, MTC UEs would experience the same DCI receiving time. This option disables the flexibility in receiving a DCI as fast as possible when there are MTC UEs in better channel conditions, which results in higher power consumption. On the other hand, supporting multiple ECCE aggregation levels combined with multiple repetition levels (Option 3) could provide full flexibility. This option leads to many blind detections corresponding to each repetition level and each ECCE aggregation level. Thus, the total number of blind decoding and corresponding power consumption in MPDCCH blind decoding are increased accordingly. Or, assuming that the total number of blind decoding attempts remains the same as that for the other options, this option provides a finer granularity for the link adaptation. However, necessity for such finer granularity for the UEs in enhanced coverage is questionable. Supporting a single ECCE aggregation level and multiple repetition levels (Option 1) enables the link adaptation by different repetition levels. When MTC UEs experience better channel condition, a smaller repetition levels can be chosen and the DCI receiving time on MTC UE side could be compressed compared with that in Option 2. 

Proposal 2: Single ECCE aggregation level and multiple repetition levels can be configured for MTC UEs in enhanced coverage.
The potential impact on the MPDCCH-PDSCH timing when configuring multiple repetition levels needs to be considered. In the previous meetings, it was agreed that 
For Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k>0). 
After they successfully detect the MPDCCH by trying one MPDCCH blind decoding candidate, they will start the PDSCH receiving k subframes later. However, we can also interpret that there is a case that MTC UEs may successfully decode MPDCCH with less repetition number than the actual one. As shown in the example in Figure. 1, when eNB can’t acquire accurate channel status of one MTC UE, a higher MPDCCH repetition level may be performed for safety, while due to better channel condition than the eNB expected, LC-MTC UE may successfully decode the MPDCCH with less number of repetitions. In this case, a wrong PDSCH starting timing and wrong PDSCH repetitions would be assumed on MTC UE side. 
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Figure 1 Example of problematic case
To solve this problem, a straightforward method is always assuming the maximum configured repetition for determining the PDSCH starting subframe. However, this method would prolong the active time and the data receiving delay, and thus the advantage of option 1 is not achieved. It is more desirable to determine the PDSCH starting subframe based on the actual MPDCCH repetition level. Thus, some other solutions enabling MTC UEs to acquire the actual repetition level should be considered. For example, including the MPDCCH repetition level in the DCI or using different C-RNTIs for different MPDCCH repetition levels when scrambling DCI can be considered. 
Proposal 3: Early termination for the MPDCCH should be supported, i.e., 

· If Rel-13 MTC UEs in enhance coverage are to know the actual MPDCCH repetitions which ends at subframe n, then PDSCH reception starts at n + k (k>0).

· The solution to enable MTC UEs to acquire the actual MPDCCH repetitions should be further considered.

3. DCI for Rel-13 LC-MTC

Considering the new features of Rel-13 LC-MTC UEs, some fields in legacy DCI are not necessary or of less importance. In this situation, removing or compressing some fields can be considered to reduce the MPDCCH overhead. For example, the resource allocation field can be compressed considering the reduced bandwidth on LC-MTC UE side and MCS field can be compressed by removing some higher MCS indexes in MCS table which are seldom used by LC-MTC UEs. Compact DCI is also favorable for power saving since it could reduce the number of repetitions in coverage enhancement. 
Proposal 4: Support the compact DCI for Rel-13 LC-MTC.
4. Conclusion
In this contribution, we discussed MPDCCH for Rel-13 LC-MTC in light of search space construction with different combinations between ECCE aggregation level and repetition level and the compact DCI. Based on the discussion, the following proposals are made. 
Proposal 1: Multiple ECCE aggregation levels and single repetition level (repetition=1) can be configured for MTC UEs in normal coverage.
Proposal 2: Single ECCE aggregation levels and multiple repetition levels can be configured for MTC UEs in enhanced coverage.
Proposal 3: Early termination for the MPDCCH should be supported, i.e., 

· If Rel-13 MTC UEs in enhance coverage are to know the actual MPDCCH repetitions which ends at subframe n, then PDSCH reception starts at n + k (k>0).

· The solution to enable MTC UEs to acquire the actual MPDCCH repetitions should be further considered.

Proposal 4: Support the compact DCI for Rel-13 MTC.
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