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1. Introduction
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Agreements:
· 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 paper, we discussed UE-specific search space of M-PDCCH for low complexity (LC) and coverage enhancement (CE) UE. 
1. M-PDCCH UE specific search space design
1. Starting subframe
It was agreed in RAN1 that “For UE-specific search space, from the UE perspective, the possible starting sub-frames of physical downlink control channel for MTC repetitions are limited to a subset of subframes”. The starting subframe of M-PDCCH shall be pre-known to UE. In order not to introduce additional buffer for M-PDCCH decoding, the starting subframe shall be associated with the max repetition level (max RL) in time domain and the search space is constructed according to the starting subframe. For example as Figure 1, the search space is corresponding to subframe #0 as a starting subframe. All the M-PDCCH candidates in the search spacing contain the CCEs in the starting subframe. Otherwise, in order to detect for candidate #2 of RL =2 and the candidate of RL =4 at checkpoint #2, UE need an additional buffer. 
Proposal #1: UE-specific search space of M-PDCCH is constructed according to each starting subframe. M-PDCCH candidates in one UE-specific search space contain the CCEs in the starting subframe.
Not all the subframes can be used for M-PDCCH repetition (e.g., for UL subframe in TDD system, MBSFN subframe). A valid subframe set may need to be configured to UE. The starting subframe definition shall also take into account of the valid subframe. Assuming the max RL is NmaxRL, the number of valid M-PDCCH subframe is mM-PDCCH , the starting subframe of M-PDCCH ns  can be defined as (SFN×mM-PDCCH + ns  ) mod NmaxRL =0. 
In order to fully use the resource in time domain, an offset for starting subframe of M-PDCCH can be configured or calculated based UE ID or RNTI. For example, candidate #2 of RL =2 can be used for other UEs. However, this may increase blocking rate if most of UEs in the same MTC narrow band are in poor coverage, who need large repetition number. Since the search space of M-PDCCH may be different for UEs in different CE level, and the starting subframe is an integer multiple of max RL, the resource utilization may not be a problem. It can be further studied if an offset is needed to calculate the starting subframe.
Proposal #2: The starting subframe of M-PDCCH ns  can be determined as (SFN×mM-PDCCH + ns  ) mod NmaxRL =0 as a working assumption. Further study if an offset is needed. 

Figure 1. 
1.  Combination of aggregation level and repetition level
MTC can support up to 6 PRBs, which can be fully occupied by one M-PDCCH candidate. Aggregation level {1, 2, 4, 8, 16, 32} are supported for EPDCCH. In order to easily to multiplex multiple UEs, an aggregation level set of {1, 2 4, 8, 12, 24} can be defined for M-PDCCH USS in one subframe.
Proposal #3: Aggregation level set of {1, 2 4, 8, 12, 24} in frequency domain is defined for M-PDCCH USS.
For enhanced coverage mode, repetition level is further introduced, e.g., repetition level set of {1, 2, 4, 8, 16, 32}. Considering the case of that the number of UEs in CE mode is small and they share the same MTC narrow band with low cost UEs in normal coverage. It is beneficial if the UEs in CE mode does not fully occupied the MTC narrow band. However, smaller repetition level will result in longer transmission time, which will increase UE power consumption. As a result, AL 12 may be considered to be supported when RL>1. An example is given in Figure 2 for eNB to use the same MTC narrow band to support UEs in different coverage.  Because of UE # 6 only occupied half of PRBs in the MTC band, eNB still has the flexibility to support normal coverage UE #1-5 at the same time. 
Proposal #4: When repetition level >1, only aggregation level 12 and 24 in frequency domain are supported in a combination of aggregation level and repetition level.

Figure 2
Four configurations of M-PDCCH search space including normal coverage are enough for LC/CE UEs. The total blind detection time shall not be larger than EPDCCH in each subframe. As discussed in last section, M-PDCCH candidates in one USS contain the CCEs in the starting subframe in order not to increase UE buffer. As a result, the number of M-PDCCH candidate is limited. Table 1 gives an example of M-PDCCH candidate for each configuration and Figure 3 is an UE search space for configuration 1. 
Proposal #5: Define 4 configurations of UE specific M-PDCCH search space. Take Table 1 as a starting point to constructing UE specific M-PDCCH search space. 
Table 1 M-PDCCH candidate for each configuration
	
	Combination candidate and number of M-PDCCH candidate
{AL, RL, number of M-PDCCH candidate}

	Total aggregated resource size
	1
	2
	4
	8
	12
	24
	48
	96
	192
	384
	768

	Configuration 0
	{1,1,4}
	{2,1,4}
	{4,1,3}
	{8,1,3}
	{12,1,1}
	{24,1,1}
	-
	-
	-
	-
	-

	Configuration 1
	-
	-
	-
	-
	{12,1,2}
	{24,1,1}
{12,2,2}
	{24,2,1}
{12,4,2}
	{24,4,1}
	-
	-
	-

	Configuration 2
	-
	-
	-
	-
	-
	-
	{24,2,1}
{12,4,2}
	{24,4,1}
{12,8,2}
	{24,8,1}
{12,16,2}
	{24,16,1}
	-

	Configuration 3
	-
	-
	-
	-
	-
	-
	-
	{24,4,1}
{12,8,2}
	{24,8,1}
{12,16,2}
	{24,16,1}
{12,32,2}
	{24,32,1}




Figure 3
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[bookmark: OLE_LINK219][bookmark: OLE_LINK218][bookmark: _Ref251049932][bookmark: OLE_LINK8][bookmark: OLE_LINK9]In this paper, we analyzed the UE-specific search space design of M-PDCCH for low complexity UEs in both normal and coverage enhancement mode. We proposed:
Proposal #1: UE-specific search space of M-PDCCH is constructed according to each starting subframe. M-PDCCH candidates in one UE-specific search space contain the CCEs in the starting subframe.
Proposal #2: The starting subframe of M-PDCCH ns  can be determined as (SFN×mM-PDCCH + ns  ) mod NmaxRL =0 as a working assumption. Further study if an offset is needed.
Proposal #3: Aggregation level set of {1, 2 4, 8, 12, 24} in frequency domain is defined for M-PDCCH USS.
Proposal #4: When repetition level >1, only aggregation level 12 and 24 in frequency domain are supported in a combination of aggregation level and repetition level.
Proposal #5: Define 4 configurations of UE specific M-PDCCH search space. Take Table 1 as a starting point to constructing UE specific M-PDCCH search space. 

