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Discussion and Decision
1
Introduction
At RAN1 #79bis meeting, it was agreed that,
· For the ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage,

· UE monitoring of multiple ‘Physical downlink control channel for MTC’ decoding candidates and/or one or more repetition level(s) is supported at least for the UE-specific search space

There was also a working assumption regarding downlink control channel for MTC, 

· 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
In this contribution, we first give analysis on the advantages of using EPDCCH as the physical downlink control for MTC. Then we provide considerations on the details of EPDCCH design, including starting position, cross-subframe scheduling, search space, DCI size and so on. 
2
Narrowband Downlink Control Channel
In RAN1#78bis, it was agreed that a narrowband (within 6 PRBs) control channel will be used to transmit DCI messages to Rel-13 LC-MTC UEs. This control channel is based on PDCCH or EPDCCH and is not mapped to the legacy control regions. These two options are shown in Figure 1. The EPDCCH, being a bandwidth-reduced control channel, is suitable for this case as well as for the standalone, non-multiplexed case, providing a harmonized design for both types of deployment. Furthermore, one of the benefits of EPDCCH for MTC is that power spectral density (PSD) boosting can be achieved, although the boosting is limited to 3 dB and can be achieved by stealing power from other PRBs (e.g., where no users are scheduled during light loads). Therefore, for a UE in coverage enhancement (CE) mode, fewer repetitions are needed than if the power is spread over the entire channel bandwidth. The EPDCCH is also less likely to be a bottleneck than the PDCCH since it can use more REs. In addition, if PDCCH is used, the TBS table may need to be modified since the PDCCH will take up at least 4 additional OFDM symbols from the subframe. Elimination of the PDCCH, and the support of only EPDCCH, reduces UE complexity. It is possible to further reduce the UE complexity with respect to the number of EPDCCH blind decoding attempts and aggregation levels.
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Figure 1. Narrowband control channel based on (a) PDCCH and (b) EPDCCH.
In wideband system, the performance of the PDCCH is better than the EPDCCH due to frequency diversity gain. However, with 1.4MHz bandwidth, little frequency diversity is expected. Thus, EPDCCH is a better choice 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: Narrowband downlink control channel for MTC is based on the EPDCCH.
3
EPDCCH Design
Cross-subframe scheduling

At RAN1#75 meeting, it was agreed that for UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:
· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.

· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)”
The last bullet means that for CE mode UEs, the PDSCH is cross-subframe scheduled by the (E)PDCCH. 

For non-CE mode UEs, having cross-subframe scheduling is beneficial to have more flexibility of PDSCH resource allocation and scheduling, in case eNB can configure different 1.4MHz regions for (E)PDCCH and PDSCH (e.g., multiple PDSCH regions but one control region). There are some issues as analyzed in [3], e.g., RF retuning and so on for cross-subframe scheduling, which need further study for non-CE mode UEs. 
Proposal 2: Cross-subframe scheduling is preferred for Rel-13 low-complexity UE. 
EPDCCH starting position for coverage enhancement UEs
It was agreed in RAN1#75 that “for MTC UEs in the enhanced coverage mode, the possible starting subframes of (E)PDCCH repetitions are limited to a subset of subframes from the UE perspective”. This agreement is aimed to reduce the blind decoding effort of MTC UEs in coverage enhancement mode. There are two options for EPDCCH starting postion decision,
· Option1: The starting position and the offset of EPDCCH detection are explicitly configured by higher layer signaling. 

· Option2: The starting postion of EPDCCH is implicitly defined as a function of EPDCCH repetition level. The subframe offset is predefined or higher layer configured. Besides, the aggregation level and size of DCI (DL DCI or UL DCI) which the repetition level is based on needs to be predefined or configured. 
It is preferred that for both options, if the UE detects EPDCCH once, UE will do successive EPDCCH detection. If the earlier detected EPDCCH schedules a PDSCH transmission, UE would detect the EPDCCH after a fixed timing (e.g. at least 5 ms in [1]) of the last subframe containing ACK/NACK for PDSCH. While if the earlier EPDCCH schedules a PUSCH, UE will do EPDCCH detection after a fixed timing of the last PUSCH subframe. Figure 2 illustrates the timing for EPDCCH detection.  
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Figure 2. Consecutive EPDCCH detection
Comparing option1 and option2, option1 has flexibility to have larger periodicity for EPDCCH detection and thus can enable lower power consumption. In addition, as analyzed above, although the repetition level is implicitly decided in option2, the subframe offset and the aggregation level for repetition decision needs to be clearly defined or configured. Based on this analysis we have the following proposal.
Proposal 3: The starting position and subframe offset for the EPDCCH detection are configured by UE specific higher layer signaling.
EPDCCH USS design 
Legacy EPDCCH supports both localized and distributed EPDCCH allocation. Since for 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, the frequency diversity gain can be harvested by using frequency hopping. 
Proposal 4: Only localized EPDCCH is supported for Rel.13 low complexity and/or coverage enhanment UEs.
For simiplicity 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, the EPDCCH detection performance would be deteriorated compared with that for 2Rx normal UEs. It is thus reasonable to introduce larger aggregation levels besides the legacy ones for non-CE mode UEs, e.g, AL=16 to guarantee the coverage requirement. The legacy EPDCCH search space definition can be highly reused for non-CE mode UEs. 
For CE mode UE, higher aggregation levels (AL=24 as per working assumption) shall also be supported in order to reduce the power consumption during the EPDCCH detection. In addition, in order to reduce the blind decoding efforts for CE mode UEs, the number of aggregation levels can be restricted. It needs to defined as to which ALs will be detected for each possible number of PRB pairs allocated for EPDCCH.
Proposal 5: Introduce larger aggregation levels for EPDCCH search space for Rel.13 low complexity and/or coverage enhancement UEs. 

Legacy EPDCCH search space is defined by using hashing function, by which the position of UE-specific search space depends on the C-RNTI and the subframe index (from #0 to #9). If reusing such a function for CE mode UEs, the EPDCCH seach space can be defined by using the starting subframe index of EPDCCH and the C-RNTI. Anyway, for simplicity, the search space in the rest of repeated subframes for EPDCCH detection should be the same with that in the first subframe. That is, the aggregation levels and the contained ECCEs are the same in each repeated subframe.
Proposal 6: For UEs in coverage enhancement mode, the search space for EPDCCH detection is the same in each repeated subframe.  
In the legacy scheme, UE can be configured with {2,4,8} PRB pairs for EPDCCH detection. If 6 PRB pairs are allocated for one DCI transmission (as per the working assumption), then the search space may also have to be defined for 6 PRB pairs. It needs to be checked whether the hashing function for the legacy scheme can be efficiently used for 6 PRBs pairs for EPDCCH. Here one principle in general is that to reduce blind decoding efforts, it is beneficial to have ECCEs for lower aggregation levels also contained in the higher aggregation levels. This is because with EPDCCH repetition, UE would typically first do EPDCCH detection for higher aggregation levels with relatively lower repetition level, then do detection for lower aggregation levels with higher repetition levels. Figure 3 gives one example. Based on proposal5, having ECCEs for lower aggregation level also contained in the higher aggregation level can reduce the number of ECCEs that needs to be detected, thus saving UE power consumption during EPDCCH detection. 
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Figure 3. EPDCCH repetition for each aggregation level
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, cross-subframe scheduling, starting position, search space and DCI considerations. Based on our analysis, the following proposals are made –

Proposal 1: Only EPDCCH is supported for Rel-13 low-complexity UE and UE in coverage enhancement mode.
Proposal 2: Cross-subframe scheduling is preferred for Rel-13 low-complexity UE.
Proposal 3: The starting position and subframe offset for the EPDCCH detection are configured by UE specific higher layer signaling. 

Proposal 4: Only localized EPDCCH is supported for Rel.13 low complexity and/or coverage enhanment UEs.
Proposal 5: Introduce larger aggregation levels for EPDCCH search space for Rel.13 low complexity and/or coverage enhancement UEs. 

Proposal 6: For UEs in coverage enhancement mode, the search space for EPDCCH detection is the same in each repeated subframe.  
Proposal 7: Consider compact DCI for EPDCCH overhead reduction.
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