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1 Introduction

In 3GPP RAN1#80, progress has been made on physical downlink control channel for MTC. It has been agreed that:
	· For UEs in enhanced coverage:

· Repetition across multiple subframes is supported for the ‘Physical downlink control channel for MTC’

· Multiple repetition levels in time domain are supported

· 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 discuss further design issues related to extending Rel-11 EPDCCH for MTC UEs in coverage enhancement.
2 Time domain parameter
Denote the physical downlink control channel for MTC as LC-PDCCH. Compared to Rel-11 EPDCCH, the most significant change in constructing a LC-PDCCH is to introduce a time domain parameter for MTC UEs in coverage enhancement. In the following, N_rep is used to represent the number of repetitions in time for one physical DL control channel transmission, and N_rep_set is used to represent the set of potential values N_rep that a UE assumes.

For Rel-13 MTC design, both non-coverage enhancement and coverage enhancement of several levels are under consideration. For example, for PRACH design, RAN1 is considering non-coverage enhancement and coverage enhancement of max. 3 non-zero levels (e.g., 0, 5, 10, 15 dB, or 0, 6, 12, 18 dB, dB number is total system coverage enhancement). For different coverage enhancement levels, the number of repetitions for LC-PDCCH can differ substantially. If no information is provided to the UE to narrow down the time-domain range, the total number of blind decodings is too large for a MTC UE. This problem is particularly acute if the UE is designed to be a low-cost UE where implementation needs to be kept simple.
Ideally the eNB would configure the UE with just the right number of LC-PDCCH repetitions for the UE’s current coverage situation. If the channel conditions deteriorate, the eNB can reconfigured the UE with a higher number of LC-PDCCH repetitions.

However, if the RRC reconfiguration message itself needs to be scheduled with LC-PDCCH, there may be situations where the channel conditions have deteriorated too much before the eNB has had a chance to transmit the RRC reconfiguration message reliably to the UE. This could lead to a situation where the eNB cannot communicate with the UE and eNB has no means to resolve the situation unless there is some form of fallback operation at hand.

One possible fallback mechanism is to configure the UE in such a way that its LC-PDCCH search space also includes LC-PDCCH candidates associated with a larger repetition factor than the repetition factor representing its current coverage situation. In case the channel conditions deteriorate, the eNB will then have the ability to try accessing the UE using a larger LC-PDCCH repetition factor. 
A simple option is for the eNB to provide some assistance information to the UE. For example, a limited range of N_rep is sent to the UE via a higher layer signaling. Specifically, LC-PDCCH repetition level is a variable chosen by eNB from a set of values. RRC signal configures the range of repetition levels the UE assume in the search space. In the following, an example of N_rep_set is provided to illustrate.
Table 1: The set of repetitions signalled to the UE
	N_rep_set
	Number of repetitions in time

	N_rep_set(0)
	{1} ; 

	N_rep_set(1)
	{1, 2} 

	N_rep_set(2)
	{1, 2, 4, 6} 

	N_rep_set(3)
	{2, 4, 6, 8}

	N_rep_set(4)
	{4, 8, 12, 16}

	N_rep_set(5)
	{8, 16, 24, 32} 

	N_rep_set(6)
	{16, 32, 48, 64}

	N_rep_set(7)
	{32, 64, 96, 128} 


Note that in the Table 1 above, ‘1’ indicates no repetition in time, the same as Rel-11 EPDCCH.

The UE is configured with an N_rep_set(i) through RRC signaling. To control RRC signaling overhead, the eNB should use RRC reconfiguration to change N_rep_set if the UE channel conditions change substantially.

Proposal:

· The number of repetitions in time that a UE assumes for physical downlink control channel is limited by higher layer signalling.

3 Search space definition
Once the time domain parameter is available, the search space definition of EPDCCH can be extended to use for LC-PDCCH. For LC-PDCCH, the search space definition is thus a combination of time and frequency parameters. The set of blind decoding candidates is a specific set of combinations of time-frequency elements. 
In order to limit the total number of blind decoding candidates, the time-domain and frequency-domain combinations that are not useful should be removed. 
As an example, the construction of the blind decoding candidates is illustrated with N_rep_set(2). If RRC configures N_rep_set(2), there are four different repetition across subframes, as illustrated in Figure 1.
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Figure 1: Illustration of search space with N_rep_set(2) = {1, 2, 4, 6};

More specifically,
· Repetition across subframe: N_rep_set(2) = {1, 2, 4, 6};
· Resource allocation within a subframe needs to be provided. This has to be reduced from those of Rel-11 EPDCCH. As an example, Table 1 shows a reduced set of LC-PDCCH candidates monitored by a UE in a subframe;


Table 2: LC-PDCCH candidates monitored by a UE in a subframe
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	L=2
	L=4
	L=8
	L=16
	L=24

	2
	1
	1
	1
	1
	0

	4
	1
	1
	1
	1
	0

	6
	0
	1
	1
	1
	1


Proposal:

· Search space definition includes multiple repetition levels in time, which is provided by higher layer signalling.

4 Conclusions
In this contribution we discussed the repetition and aggregation in time for EPDCCH. Based on the discussion, we have the following proposals.

Proposals:

· The number of repetitions in time that a UE assumes for physical downlink control channel is limited by higher layer signalling.

· Search space definition includes multiple repetition levels in time, which is provided by higher layer signalling.
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