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1. Introduction
During the SID targeting coverage enhancement for MTC UEs, several techniques were identified for different physical channels and signals. Among them, repetition in time domain is considered as a simple way to improve coverage of different channels, e.g., (E)PDCCH and PRACH [1]. In this contribution, we discuss the impact of repetition applied on (E)PDCCH decoding and further propose  a method to optimise the blind decoding of (E)PDCCH repetitions for MTC UEs. 

2. Discussion on the (E)PDCCH repetition in time domain
Time domain repetition required on the Rx side of coverage deficit devices, applied on PDCCH/EPDCCH, could drive one DCI to be transmitted in multiple subframes in order to achieve the coverage enhancement target. However it is not clearly defined how (E)PDCCH repetition is performed over multiple subframes, in order to meet the required coverage enhancement. Accordingly the following two cases of DCI repetition on PDCCH can be discussed:

Case1: One DCI is transmitted only once in a given subframe and repeatedly transmitted over N subframes. N repetitions indicate the related coverage enhancement level for one MTC UE’s DL control channel;

Case2: Totally K-times PDCCH repetitions over N subframes are applied, i.e.,
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, where the number of repetition in each subframe (i.e.,
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) is flexible. K repetitions are related to the coverage enhancement level for one MTC UE’s DL control channel. In terms of whole system spectrum efficiency, case 2 is more efficient, since it could be better to use DL control channel resources to carry more repetitions in one subframe (when very few legacy UEs are scheduled). 

In the next subsections, we analyze the impact of repetition on (E)PDCCH decoding for the above two cases and provide possible solutions.
2.1 Impact of repetition on (E)PDCCH decoding
MTC UEs located in a coverage deficit environment, could only perform normal blind decoding after successfully Rx combining multiple DCI repetitions over multiple subframes. Regardless of PDCCH  or EPDCCH repetition, the same blind decoding procedure will be implemented after successfully combining a PDCCH/EPDCCH repetition sequence on the Rx side. To successfully combine a given repetition sequence, the UE has to pursue all possible combinations of (E)PDCCH candidates in time domain, in order to identify the correct (E)PDCCH candidate that carries the DCI repetition in each subframe. The concatenation of each (E)PDCCH candidate in each subframe can be defined as the (E)PDCCH repetition path. Without any restriction on the repetition path (E)PDCCH repetition poses great challenges on MTC UEs to implement blind decoding due to: 

· The MTC UE is not aware of what (E)PDCCH candidate carries the DCI transmission (the same as current normal UE’s blind decoding).
· The MTC UE is not aware of the relationship between multiple (E)PDCCH candidates carrying the DCI repetition over multiple subframes.

Due to the second bullet, MTC UE assumes every possible (E)PDCCH candidate concatenation across multiple subframes in order to blindly decode until a successful decoding is achieved. For AL=L aggregation level, there are 
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 PDCCH candidates in one subframe and 
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 PDCCH candidates in total over N subframes (as described in Fig.1), with the PDCCH candidate number re-labelled from #1 to #
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In Case 1, in each subframe only one PDCCH candidate from 
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 PDCCH candidates is chosen to carry the DCI repetition and this behaviour is enabled for N subframes. Hence there are totally 
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 possibilities for the concatenation of PDCCH candidates in N subframes. Assuming AL=L, the MTC UE has to search at most 
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 times to find out the right PDCCH repetition path in order to finally decode the right DCI. 
However in Case 2, the situation is more complex since MTC UE doesn’t know how many DCI repetitions are actually transmitted in one subframe. There are totally 
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 possibilities to finish K times repetitions over N subframes. 

Accordingly, it can be considered there are 
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 candidates for MTC UE’s blind decoding at AL=L in case1. And there are 
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 possibilities at AL=L in case2. But during the legacy PDCCH blind decoding process, 
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 PDCCH candidates at AL=L, means the UE will have at most 
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 trials to blindly decode CCEs. Compared to the legacy PDCCH, the complexity of blind decoding PDCCH time-domain repetition for MTC UEs increases exponentially with the repetition number N for Case 1. This attracts a significant decoding complexity and decoding latency increase. The same situation goes for the EPDCCH repetition in one EPDCCH-PRB-set. Table 1 provides the number of PDCCH repetition path candidates monitored by a MTC UE in case1.
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Figure 1. Total number of PDCCH candidates over N repetition subframes, given AL=L
Table 1: PDCCH repetition path candidates monitored by a MTC UE in case1.

	Type
	Aggregation level 
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	Number of PDCCH candidates 
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	UE-specific
	1
	6
	6N

	
	2
	6
	6N

	
	4
	2
	2N

	
	8
	2
	2N


Observation 1: Massive repetitions applied on legacy PDCCH and (E)PDCCH, as a result of supporting deep hole MTC devices, could significantly increase the blind decoding duration, complexity and power consumption for MTC UE devices located in deep hole coverage scenarios.

2.2 Possible solutions for (E)PDCCH repetition in time domain
One possible way out could be to restrict possible repetition path candidates at eNB side when repeating DCI over multiple subframes. This drives to the possibility of defining a subset of the complete repetition path candidates over N subframes. It may require a new search space considering DCI repetition in time domain could be defined for MTC UEs.
Focusing on PDCCH repetition in case1 for example: 
· For each possible AL=L, a subset 
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 from 
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 is chosen as the number of PDCCH repetition path candidates.
· Each repetition path is comprised of multiple PDCCH candidates over multiple subframes. 
For MTC UEs, blind decoding can be divided into two steps:
1. Determine each repetition path candidate, which means to locate each PDCCH candidate number in each subframe; the relationship among each PDCCH candidate number could be deterministic, e.g., predefined and known by both eNB and MTC UEs, signaled via eNB or derived by a function similar to current search space design. A simple method is PDCCH candidate with the same candidate number over multiple subframes are formed into one repetition path. 
2. Decode the right CCEs that each PDCCH candidate occupies for each repetition path candidate.
As opposed to the case of traditional blind decoding, MTC UE will blindly decode only possible repetition path candidates. The number of repetition path candidates 
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 for one MTC UE to monitor at one given AL could be predefined to be much smaller than the complete set 
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in Case2), e.g., the number of 
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 can be the same as PDCCH candidate number at AL=L 
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. Due to restricting the repetition path candidates to a smaller number, the amount of blind decoding candidates can be reduced as well. Table2 provides an example of restricting possible repetition path candidates monitored by one MTC UE in case1.
Table 2: Restricted PDCCH repetition path candidates monitored by a MTC UE in case1.

	Type
	Aggregation level 
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	Number of PDCCH candidates 
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	Restricted repetition path candidates
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	UE-specific
	1
	6
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Proposal 1: Consider restricting the (E)PDCCH repetition path candidates over multiple subframes for MTC UEs.
3. Conclusions

In this contribution, an analysis of the impact of repetition on (E)PDCCH is provided. It is found that (E)PDCCH repetition will impose great challenges to blind decoding at UE side, with following observation: 
Observation 1: Massive repetition applied on legacy PDCCH and (E)PDCCH as a result of supporting deep hole MTC devices, could significantly increase the blind decoding duration, complexity and power consumption for MTC UE devices located in deep hole coverage scenarios.
Hence, we propose:

Proposal 1: Consider restricting the (E)PDCCH repetition path candidates over multiple subframes for MTC UEs.
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