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Introduction
At RAN1 #80 meeting, it was agreed that,
· For Rel-13 low complexity MTC UEs:

· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported for normal coverage
· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz

· No multiplexing within a PRB pair of the physical downlink control channel for MTC UEs and PDSCH for MTC UEs 

· Working assumption: The demodulation of the physical downlink control channel for MTC is based on at least DMRS
· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· Confirm the working assumption: 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
· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage

· 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.

· If/When PDSCH is indicated via physical downlink control channel for MTC: 

· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE. 

· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0). 

· Working assumption: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement.
In this contribution, we firstly restate our position to use Rel.11 EPDCCH as the physical downlink control for MTC. Then we provide analysis on the details of EPDCCH design, including EPDCCH configuration, search space, DCI size and so on. 
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Downlink Control Channel
As per the working assumption, Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement. Our view is that EPDCCH is a better choice than PDCCH in term of complexity reduction, supporting stand-alone and multiplexed deployment, and coverage enhancement. Therefore it is proposed that only EPDCCH is supported for Rel-13 low-complexity UE and UEs in coverage enhancement mode.
Proposal 1: The physical downlink control channel for MTC low complexity UE and UEs in coverage enhancement is based on EPDCCH.
3
EPDCCH Design 
As analysed in the parallel contribution [1], UE can be assigned with a UE specific control region after initial access. Multiple UEs can be assigned to the same region and they will monitor this region for the DCI.  
3.1
EPDCCH Starting Subframe
For MTC UEs in the enhanced coverage mode, eNB needs to configure several parameters on the allocated EPDCCH region. The parameters are at least the starting position (e.g., starting SFN) and subframe offset (within the starting frame) for EPDCCH detection. 
The configuration is carried by higher layer signaling, which for example can be transmitted in the PDSCH scheduled by a common EPDCCH region, or can be transmitted in RAR message during the initial access. 

Proposal 2: The starting position and subframe offset for the EPDCCH detection are configured by eNB.
3.2
EPDCCH Search Space
Legacy EPDCCH supports both localized and distributed EPDCCH allocation. Since Rel.13 MTC UEs EPDCCH transmission is limited to 6 contiguous PRB pairs, the frequency diversity gain of using distributed EPDCCH would be negligible. It is then preferred to have localized EPDCCH only for Rel.13 MTC UEs, which maps to consecutive PRBs. For CE mode UEs, the frequency diversity gain can be harvested by using frequency hopping. 
Proposal 3: Only localized EPDCCH is supported for Rel.13 low complexity and/or coverage enhancement UEs.
For simplicity of design, it is preferred to have separate design of EPDCCH search space for CE mode UEs and non-CE mode UEs. For non-CE mode UEs, considering the factor that only 1Rx is equipped in UE side, the EPDCCH detection performance would be deteriorated compared with that for 2Rx normal UEs. It is thus reasonable to introduce larger aggregation levels, e.g, AL=16/24 to guarantee the coverage requirement. The legacy EPDCCH search space definition can be highly reused for non-CE mode UEs. 
Proposal 4: Introduce larger aggregation levels for EPDCCH search space for normal coverage UEs.
For CE mode UE, one alternative (Alt.1) [2] is to define the aggregation level and the search space in the starting EPDCCH subframe, and repeat the search space in the rest of repetition subframes. The issue here is how to make search space having the ability of control channel link adaptation. In legacy PDCCH/EPDCCH, multiple aggregation levels are defined in each subframe and are used for adapting to the changing of channel condition. Normally the better is the channel condition; the lower the aggregation level is used for transmitting a DCI. However for MTC CE mode UEs, since repetition is used for EPDCCH transmission, the control channel link adaptation shall take the whole transmitting resources into consideration, i.e., shall consider both number of repetition subframes and the aggregation level (defined in a single subframe). Then there may have two options for control channel link adaptation,
· Option 1: Define single repetition level for all aggregation levels

· Option 2: Define multiple repetition levels for each aggregation level
For option 1, the highest aggregation level accounts for the worst channel conditions. eNB would use lower aggregation level for UEs in better channel condition. It is observed that with common repetition level for each aggregation level, this option cannot have the flexibility to enable eNB transmit a DCI to a CE UE under better channel condition as fast as possible. Thus it leads to comparatively higher power consumption. Option 2 can enable to have such flexibility, but it results in multiple blind detections corresponding to each kind of repetition level for each aggregation level. Therefore the total number of blind detection and the corresponding power consumption for EPDCCH detection are increased.   

Observation 1: For CE mode MTC UEs, if the aggregation level is defined in a single subframe, it needs to study power efficient ways to achieve control channel link adaptation. 
Another alternative (Alt.2) is that the aggregation level is defined in terms of repetition level under a certain resource allocation dedicated for single DCI transmission (e.g., always 6PRBs). For example,
· AL = A1, corresponding to repetition level 1

· AL = A2, corresponding to repetition level 2

· AL = A3, corresponding to repetition level 3
Then the search space can be defined on top of each K subframes, as illustrated in Fig.1, where the number of EPDCCH candidates for each aggregation level is {6,2,1}. Each candidate in aggregation level A1 contains N subframes for single DCI transmission. Multiple UEs can be scheduled in the K subframes with UE specific search space, and the scheduling DCI is actually transmitted using TDM. The control channel link adaptation is achieved by selecting appropriate aggregation level for the DCI transmission, which is same with that of legacy scheme. Furthermore, the hashing function for deciding the USS can highly be reused with little modification. In order to reduce the power consumption during EPDCCH blind detection, it can be considered to limit the number of candidates for each aggregation level. The blocking rate needs to be considered here. 
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Fig.1 EPDCCH search space defined on top of K subframes
Observation 2: By mapping the aggregation level to repetition level, the search space can be defined over a bunch of subframes. The legacy UE specific search space decision scheme can be highly reused for MTC UEs.  
It is noted that typical MTC UEs in CE mode may be very low mobility UEs, and the channel condition may actually changed in a semi-static way. Then certain aggregation level and/or the repetition level can be configured to UE by eNB after getting the channel condition feedback. UE just needs to monitor the configured aggregation level and/or repetition level, instead of monitor all the aggregation levels as in the legacy. Thus the power consumption or EPDCCH detection could be further reduced. However in this case, it should be considered to have backup solution to handle the situation that when channel condition suddenly becomes deteriorated, UE can still successfully decode the EPDCCH in the following, where eNB can do reconfiguration on the new aggregation level and/or repetition level for UE to monitor.  
Proposal 5: eNB can configure certain aggregation level/repetition level UE to monitor. Backup solutions are needed to ensure successful EPDCCH detection if the channel condition become deteriorated. 
4
DCI considerations
A very compact DCI may be used to reduce the EPDCCH overhead. There are several ways to reduce the DCI payload e.g. by restricting the MCS or supporting only limited RB assignment. Alternatively, several predefined assignments may be pre-configured with only the index signalled to the UE. For a narrowband system, it may be sufficient to schedule only one UE at a time. Compact DCI can also help with power consumption as it reduces the number of repetitions required in CE mode.
Proposal 7: Consider compact DCI for EPDCCH overhead reduction.
5
Conclusion
In this contribution, we discussed physical downlink control channel enhancement in light of control channel structure, EPDCCH configuration, search space and DCI considerations. Based on our analysis, the following proposals are made,
Proposal 1: The physical downlink control channel for MTC low complexity UE and UEs in coverage enhancement is based on EPDCCH.
Proposal 2: The starting position and subframe offset for the EPDCCH detection are configured by eNB.
Proposal 3: Only localized EPDCCH is supported for Rel.13 low complexity and/or coverage enhancement UEs.
Proposal 4: Introduce larger aggregation levels for EPDCCH search space for normal coverage UEs.
Proposal 5: eNB can higher configure certain aggregation level/repetition level UE to monitor. Backup solutions are needed to ensure successful EPDCCH detection if the channel condition become deteriorated.
For search space design, we have two observations, 

Observation 1: For CE mode MTC UEs, if the aggregation level is defined in a single subframe, it needs to study power efficient ways to achieve control channel link adaptation. 
Observation 2: By mapping the aggregation level to repetition level, the search space can be defined over a bunch of subframes. The legacy UE specific search space decision scheme can be highly reused for MTC UEs.  
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