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1. Introduction
Based on previous discussion and TR, there are some proposals for coverage enhancement. In this contribution, we will analyze possible candidate solutions for downlink physical channels and give our proposals.
2. Solutions of coverage enhancement for down link physical channels 
2.1. Common solutions

Coverage enhancement for downlink physical channels, PDCCH/PDSCH/PBCH/SCH/PHICH/PCFICH etc, should consider each channel’s specialty for their special physical layer processing such as different time/frequency resource allocation, multi antenna configuration, requirement for SINR, ue-specific or not. However, it is not excluded to find out and discuss some common schemes. 
· Power boosting

Coverage enhancement for MTC equipments are mainly from penetration loss. Power boosting is the most easy and simple measure to improve coverage and can directly make up penetration or path loss. But there are some possible limitations to consider. 
A） One point to note is that the requirement for coverage enhancement is only needed for part MTC equipments, and is likely to only account for small ratio to whole cell’s UEs. And power boosting would improve the whole cell coverage and therefore impact the network planning, and for example, power boosting may result in unexpected breath effect and network load fluctuation. 
B） Another limitation is that it’s not applicable to apply power booting for those MTC equipments located in the cell edge area, and this is because there is no more power headroom for coverage edge UEs.
So power boosting should be only targeted to those MTC equipments requiring coverage enhancement. For A), PDSCH is ue-specific and possible to apply power boosting. But for other channels, group UEs’ physical channel are usually mixed together and hardly to adjust individual power. For example, all cell UEs’ PDCCHs are interleaved in the whole system bandwidth, PHICHs are code division multiplexed for a group of UEs, and PBCH/PSS/SSS are cell specific and unable to differ it between target MTC equipments and normal UEs. 
Proposal 1: power boosting is a common scheme to improve coverage for MTC equipments. But there are some limitations to be further studied. 

· Repetition on time domain

Repetition means energy accumulation and increase probability of successful channel decoding with the cost of longer time delay. Because of relaxed MTC requirement for time delay, so the cost should be acceptable. In principle repetition is valid for all physical channels, but there would be difference impacts for each one. Some potential problems are as following: 

· For PDCCH repetition the scheduling including both the uplink and downlink would become semi-static. Considering MTC low mobility, delay tolerance and small packet, PDCCH repetition is applicable from view of semi-static scheduling. 
· For PDSCH repetition, it is similar as TTI bundling.
· It should be also considered if the repetition number or the size of repetition has to be aligned between PDCCH and PDSCH in order to make sure the scheduling and data transmission aligned. 
· As to physical layer measurement and feedback, CQI maybe not necessary since large time gap can not provide reliable CQI measurement. SR can be replaced by RA, but ACK/NAC should be still necessary.

For PBCH/PSS/SSS, time repetition should be more ideal and less impacts to specification and implementation. In fact there is no spec limitation for the times of decoding these channels. 

Proposal 2: Repetition on time domain should be considered based on each physical channel. Repetition for PBCH/PSS/SSS will not result in spec impact and should be considered as candidate scheme.
Besides above solutions possibly valid for all downlink channels, it is necessary to study special schemes for each channel. Because 20dB coverage enhancement of certain channel would become a very challenging task if only one single scheme was applied. It is also beneficial to improve the network side except for MTC equipments side, e.g. denser network deployment or external antenna etc...
Proposal 3: Several solutions should be combined together to achieve coverage enhancement if one single measure can not meet enhancement requirement. Network side improvement, such as denser network and external antenna, are valuable complementary measure as well.
2.2. PDCCH
PDCCH can leverage different aggregation level based on varied radio channel. Higher aggregation level can decrease DCI code rate and therefore improve its decoding performance. It is applicable also for coverage enhancement. Another point is ePDCCH has been developed since R11. EPDCCH improves PDCCH capacity with more available time and frequency resources and mitigate interference via frequency ICIC. Although ePDCCH is lack of supporting CCS and can not work standalone independent of legacy PDCCH，it is still an ideal solution for MTC coverage enhancement since MTC is also in study phase.

Proposal 4: Higher aggregation level and ePDCCH are candidates for PDCCH coverage enhancement.

2.3. PDSCH
For PDSCH there are more measures to consider. PDSCH is adaptive to channel fluctuation and can flexibly utilize the radio resource including adaptive MCS scheme, transmission mode, RB number allocated etc... To increase its decoding performance when penetration loss existed, it is potential candidate to decrease its code rate by allocating more resources, using low order modulation scheme and making RLC segments. This type of solutions needs few specification work and mainly dependant on implementation.
For the common solution, repetition in time domain, it can be embodied by downlink TTI bundling and repetition. A possible way is like this, firstly one PDSCH transmission is repeated X times with the 1st RV, and then the next RV is repeated X times again, and then the 3rd RV and 4th RV sequentially. The other alternative way is to bundle the 4 RV firstly and then transmitt X times. No matter any way used, they are all leveraging the time domain redundancy to guarantee the decoding performance in scenarios of big path or penetration loss. It is obvious side effect is impact on HARQ operation. And the more evaluation work should be done before determine which alternative to select.
Proposal 5: Several solutions can be combined for PDSCH enhancement, including decreasing code rate and repetition. 
3. Conclusions
In this contribution, we analyzed several solutions including common and special for each downlink channel. Our proposals are as following.
Proposal 1: power boosting is a common scheme to improve coverage for MTC equipments. But there are some limitations to be further studied. 

Proposal 2: Repetition on time domain should be considered based on each physical channel. Repetition for PBCH/PSS/SSS will not result in spec impact and should be considered as candidate scheme.
Proposal 3: Several solutions should be combined together to achieve coverage enhancement if one single measure can not meet enhancement requirement. Network side improvement, such as denser network and external antenna, are valuable complementary measure as well.

Proposal 4: Higher aggregation level and ePDCCH are candidates for PDCCH coverage enhancement.

Proposal 5: Several solutions can be combined for PDSCH enhancement, including decreasing code rate and repetition. 
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