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1 Introduction
In the WID on “Low cost & enhanced coverage MTC UE for LTE” [1], it is described that 15dB coverage enhancement is required for FDD. Repetition/TTI bundling and extension to PSD boosting can be considered to improve the coverage. 
In this contribution, we discuss and propose the (E)PDCCH design in enhanced coverage mode.
2 Discussion
(E)PDCCH repetition
For PRACH, it was agreed to have multiple PRACH repetition levels. Similar to PRACH, (E)PDCCH also should have multiple repetition levels in order to adjust different MCLs (Maximum Coupling Loss) for MTC UEs at different locations. 
Proposal 1: Multiple repetition levels should be supported for MTC (E)PDCCH.
In enhanced coverage mode, it is more like noise limited condition rather than interference limited, and the network power sharing is more important than time/frequency resource sharing. Therefore, it is not necessary to support multiple aggregation levels in one subframe for lower coding rate. Blindly detecting the aggregation level also increases the complexity of UE. One aggregation level for one (E)PDCCH is sufficient for MTC. Instead, the variable repetition levels should be realized in time domain. 
In order to determine the repetition level of (E)PDCCH, mobility and external factors should be taken into account. In normal LTE operation, the channel changes caused by mobility or path loss changes are reported by RRC signalling from UEs. If similar mechanism is reused, RRC signalling is also used to inform the path loss changes and reconfigure the repetition level. On the other hand, RRC reporting and signalling could not be very frequent as it costs too much resource with many repetitions in coverage enhancement mode. Actually, eNB can determine the repetition level based on UL signals using DL/UL channel reciprocity and/or UL reporting information by UE, for example, MAC PHR (Power Headroom Report) especially virtual PHR as it reflects the path loss changes more quickly. Then UE needs to detect the number of the (E)PDCCH repetitions blindly in order to have quicker change than RRC. As UE would able to decode (E)PDCCH within a few OFDM symbols, to have multiple repetition trials would not increase the UE’s complexity a lot. 

Proposal 2: Adapting the repetition level quicker than RRC configuration should be considered.
When UE is in idle mode or tries to obtain RRC configuration, separate discussion is necessary. The approach to decide PRACH repetition level while initial access can be considered to be reused. 

Starting subframe of (E)PDCCH

If repetitions across multiple subframes are supported, MTC UEs should combine the repetitions and decode it. It is necessary for UE to know the exact starting subframe of its (E)PDCCH candidate. Otherwise, UE will attempt to decode (E)PDCCH assuming every subframe maybe the starting which causes significant complexity and power consumption. The attempts are illustrated in Fig.1. Furthermore, coherent combining of (E)PDCCH repetitions is not possible for UE if the UE is not aware of starting subframe of (E)PDCCH. To simplify the detection, it is essential to know the starting subframe before (E)PDCCH detection. This can be realized by the starting subframe is fixed or pre-defined respect to SFN.
Proposal 3: The starting subframe of (E)PDCCH is fixed or pre-defined respect to SFN. 

[image: image1]
Fig.1 Blind decoding attempts while UE is not aware of starting subframe of (E)PDCCH

Timing relationship between (E)PDCCH and scheduled PDSCH
In normal LTE operation, (E)PDCCH and scheduled PDSCH are transmitted in the same subframe. For enhanced coverage mode, multiple repetitions of (E)PDCCH and PDSCH are transmitted across multiple subframes. The timing relationship between (E)PDCCH and scheduled PDSCH should be decided. For the timing relationship between (E)PDCCH and scheduled PDSCH, there are two main alternatives:
· Alt. 1: The starting subframe of (E)PDCCH and scheduled PDSCH are aligned.
· Alt. 2: (E)PDCCH is transmitted in advance of all scheduled PDSCH repetitions.

[image: image2]
(a) Alt.1

[image: image3]
(b) Alt.2

Fig.2 Illustration of timing relationship between (E)PDCCH and scheduled PDSCH
For Alt.1, all possible PRBs over repetition periods needs to be buffered until which PRBs are assigned are known to UE by decoding (E)PDCCH. This is unacceptable amount of the complexity. In contrast, Alt.2 requires only to buffer the assigned PRBs after UE knows what is indicated by (E)PDCCH. Therefore, smaller buffer is sufficient but needs more time to receive PDSCH. Taking into account that the enhanced coverage mode is used only delay tolerance service UE, we think the delay would be acceptable 
Proposal 4: (E)PDCCH should be transmitted in advance of all scheduled PDSCH repetitions.
Furthermore, scheduled PDSCH can be transmitted in the next subframe of PDCCH repetitions. In Fig.3, it can be seen that there is duration of one subframe to decode PDCCH before UE receiving PDSCH. In case of EPDCCH, the duration is less but to buffer until to decode EPDCCH would be acceptable level of the complexity. By not to have such blank subframes, the resource filling efficiency between EPDCCH and PDSCH can be maximized. 
Proposal 5: Scheduled PDSCH can be transmitted in the next subframe of (E)PDCCH.

[image: image4]
Fig.3 Illustration of processing time of (E)PDCCH
From UE’s perspective, it should be possible to receive (E)PDCCH scheduling next period of PDSCH and PDSCH scheduled by previous period of (E)PDCCH in the same subframe even it is new low cost category UE. An example is illustrated in Fig.4. For UE #1, (E)PDCCH #2 and PDSCH scheduled by (E)PDCCH #1 can be transmitted in the same subframe. This allows to keep PDSCH reception continous. This increase the bit rate of PDSCH reception, which would be required for larger data tranmission case like software update [2].  

[image: image5]
Fig.4 Illustration of timing relationship between (E)PDCCH and not-scheduled PDSCH
3 Conclusion

This paper mainly discussed the (E)PDCCH coverage enhancement for low cost MTC. We have following proposals, 
Proposal 1: Multiple repetition levels should be supported for MTC (E)PDCCH.
Proposal 2: Adapting the repetition level quicker than RRC configuration should be considered.
Proposal 3: The starting subframe can be fixed or pre-defined respect to SFN.
Proposal 4: (E)PDCCH should be transmitted in advance of all scheduled PDSCH repetitions.
Proposal 5: Scheduled PDSCH can be transmitted in the next subframe of (E)PDCCH.
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