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1 Introduction

In 3GPP RAN1#80bis, progress has been made on physical downlink control channel for MTC. It has been agreed that:
	· Multiple ECCE aggregation levels and multiple numbers of repetitions are defined in specification for ‘Physical downlink control channel for MTC’

· A set of possible combinations of {ECCE aggregation level, number of repetition} is defined in the spec

· FFS: what combinations of ECCE aggregation levels and numbers of repetitions to support

· The following earlier RAN1 agreements are not affected by the above FFS.

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· 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 a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs

· FFS: how to define starting ECCE indices

· A subset of the above set of combinations can be semi-statically configured for constructing a UE-specific search space for ‘Physical downlink control channel for MTC’ by higher-layer signaling

· If configured by higher-layer signaling, it is FFS whether signaling is implicit or explicit.

· Parameters defining an ‘Physical downlink control channel for MTC’ blind decoding candidate in a UE-specific search space (USS) include at least an ECCE aggregation level and a number of repetitions
· FFS: Other signaling mechanisms and parameters in addition to above set of combinations for constructing UE specific search space


In this contribution we present detailed design for defining EPDCCH for MTC UEs.
2 Time domain parameter
As agreed in 3GPP RAN1#80bis, the eNB should semi-statically provide a subset of the possible {ECCE aggregation level, number of repetition} combinations for constructing a UE-specific search space for LC-PDCCH. A simple option is for the eNB to provide a limited range of N_rep to the UE via a higher layer signaling. Specifically, index to one of the LC-PDCCH repetition level set is sent to the UE by eNB via RRC signaling. The UE is configured with an N_rep_set(i) through RRC signaling. 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.

To control RRC signaling overhead, the eNB should use RRC reconfiguration to change N_rep_set only if the UE channel conditions change substantially.

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 fall-back 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. 
Proposal:

· The set of possible repetitions across subframes that a UE assumes for physical downlink control channel is provided by higher layer signalling.

· A fall-back mechanism is defined for LC-PDCCH beyond the UE-specific search space.

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:

· The set of LC-PDCCH decoding candidates within a subframe is reduced from those of legacy EPDCCH.

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:

1. The set of possible repetitions across subframe that a UE assumes for physical downlink control channel is provided by higher layer signalling.

2. A fall-back mechanism is defined for LC-PDCCH beyond the UE-specific search space.

3. The set of LC-PDCCH decoding candidates within a subframe is reduced from those of legacy EPDCCH.

References
[1] RP-150492, “Revised WI: Further LTE Physical Layer Enhancements for MTC”
[2] TS 36.213

1/4


_1415438430.unknown

1 subframe
2 subframes
4 subframes
6 subframes



_1415436894.unknown

