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Introduction
In [1], we have proposed to introduce search space including time domain and frequency domain. In RAN #80bis meeting, the following were agreed.
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

Agreements:
· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:
· Option 1: Dynamic narrowband location indicated by DCI
· Option 2: Same narrowband location as the associated EPDCCH
· Option 3: Known narrowband location
· FFS: Which Option to select may depend on amount of required coverage enhancement
· It means one or two option(s) in total
· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)
· Value of k is:
· Option 1: k is fixed
· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH
· RAN1 will select a single value of k after receiving RAN4 input on retuning time
· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
· Option 2: k is variable
· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used
· FFS: Which Option to select may depend on amount of required coverage enhancement

This document discusses the remaining issues on UE-specific search space of MTC.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]As in the agreements, multiple candidates construct one UE-specific search space which is mapped onto NPRB PRB pairs in frequency domain and Nsf subframes in time domain. Taking EPDCCH as the starting point of design, MPDCCH-PRB-set needs to be introduced for MPDCCH search space with some new parameters in time domain. Following are some properties of MPDCCH-PRB-set to align with EPDCCH-PRB-set and satisfy the new requirements of MPDCCH. 
· To limit number of detection of MPDCCH, the starting subframe of MPDCCH-PRB-set is configured or specified as a subset of subframes. Considering the UE-specific enhanced coverage requirement, it is better to be configurable.
· The PRB locations of the MPDCCH-PRB-set can be indicated as index of narrowband plus the indices of the PRBs within the narrow band.
· In one MPDCCH-PRB-set, multiple candidates are known by one MTC UE, each of which is determined by at least the combination of {ECCE aggregation level, number of repetition}.

Proposal 1: The starting subframe of MPDCCH-PRB-set is configured or specified as a subset of subframes.

Determination of {ECCE aggregation level, number of repetition}
[bookmark: _GoBack]For one UE, multiple candidates are supported in the search space. For MTC UEs in different coverage, the detected candidates are different which depend on the requirements of enhanced coverage and scheduling situation. Some subsets of candidates can be specified for various requirements. For each MTC UE, subset index is configured by eNB. An example of specified subsets is listed in Table 1.
[bookmark: _Ref419124374]Table 1 Example of specified subsets of candidates
	Index of subset
	{ECCE aggregation level, number of repetition}

	0
	{4,1};  {8,1};    {16,1}; {24,1};
{8, 4}; {16, 4}; {24, 4}; 
{8, 8}; {16, 8}; {24, 8};
…

	1
	{8, 8};   {16, 8};   {24,8};
{8, 16}; {16, 16}; {24, 16};
…

	2
	{16, 16}; {24,16};
{16, 32}; {24,32};
…

	3
	{16, 32}; {24,32};
{16, 64}; {24,64};

	4
	…



Proposal 2: The subset of the combination of {ECCE aggregation level, number of repetition} is specified and the index of the subset is configured to MTC UE.
	
From system perspective, multiple specified repetition numbers are supported. The resource mapping of the candidates with different repetition numbers in time domain of multiple MTE UEs is somehow like the tree-like structure of resource mapping among aggregation levels in legacy PDCCH [2]. In tree-like structure, one level higher repetition is realized by the repetition of current level. In Figure 1, examples of tree-like and non-tree-like structures are illustrated. In non-tree-like example, one MPDCCH candidate with repetition number #2 in red blocks three candidates with lower repetition number. This situation doesn’t exist in tree-like structure. No matter whether the three candidates of repetition number #1 are allocated to one or multiple MTC UEs, the blocking will lead to more complicated scheduling for eNB.
To avoid the unnecessary resource blocking among candidates with different repetition numbers, we propose that:
Proposal 3: Tree-like structure is applied among the supported repetition numbers in MPDCCH search space.



[bookmark: _Ref419458285]Figure 1 Tree-like and non-tree-like structure of repetition numbers

The timing of the candidates with different repetition numbers
For the search space supporting multiple repetition numbers, candidates with the supported repetition numbers can be:
· Option 1: Multiple starting subframes for the candidates, as illustrated in Figure 2(a).
· Option 2: Same starting subframe for the candidates, as illustrated in Figure 2(b).
For option 1, if detecting of candidate #1 failed, UE needs to buffer the result of combined repetitions in candidate #1 to further check candidate #5. And a new buffer is needed for candidate #2 because the repetitions in candidate #1 are noise for decoding candidate #2. The operation is similar when decoding candidate #4, #6 and #7. In the worst case when the MPDCCH is transmitted in candidate #4, #6 or #7, three times of the buffer are necessary compared with option 2. To save the buffer, we propose:
Proposal 4: The same starting subframe is used for the candidates monitored by one MTC UE.



[bookmark: _Ref418687565]Figure 2 MPDCCH candidates in time domain

Resource mapping of repetitions in search space
In [3], cross-subframe channel estimation and IQ symbol combining of the repetitions provides gain while combining the repetitions. To support above techniques, the MPDCCH repetitions should be mapped onto the same REs within the duration of cross-subframe channel estimation. To simplify the specification, the same RE mapping can be extended to all the repetitions of the MPDCCH. It should be noted that the RE locations imply the RE locations within one narrow band. Whether applying frequency hopping of the narrow band or not is not related. In Rel-11, ECCE mapping changes with the slot index. The ECCE resource mapping should be modified to be same across subframes in MPDCCH-PRB-set. To guarantee the same RE mapping, we have following proposals.
Proposal 5: 
· The MPDCCH-PRB-set(s) configuration is common across the N subframes.
· The repetitions of one MPDCCH will mapped onto the same ECCEs across N subframes.
· The ECCE mapping is same across the N subframes.

Resource mapping of candidates with AL=24
In frequency domain, aggregation level 24 is introduced and the mapping between candidate of AL=24 and ECCEs are not determined. Three possible methods are:
· Method 1: Keep the Rel-11 EREG/ECCE structures for 4 PRB pairs and for 2 PRB pairs and combine them to construct AL=24 candidate[4]. 
· Method 2: Reuse PDSCH RE mapping.
· Method 3: Revise existing ECCE mapping formula [5].
In fully occupied case of MPDCCH, new design cannot bring more performance gain. Method 3 brings more specification works. Method 1 and 2 are easy way to realize ECCE mapping of candidate with AL=24. Method 3 may has the benefit of equal distribution of EREG/ECCE over 6 PRBs if all ECCEs are not used but the frequency diversity gain by doing so would be quite limited.
For MPDCCH-PRB-set size of 24 ECCEs, it may include multiple ALs, e.g., AL = 8, 16 and 24. For candidate of AL=24, if its ECCE mapping is combination of AL= 8 and AL=16, the order of IQ symbols already decoded in the case of AL=8 and 16 is reused. No need to re-order it as PDSCH order. As the simplest way to realize, we propose that:
Proposal 6: Candidate of AL=24 is realized as the combination of candidate with AL=8 and 16.

Timing relationship between MPDCCH and scheduled PDSCH
For the case of multiple MPDCCHs multiplexed within one narrow band, the transmission of scheduled MPDSCHs should be TDMed. If scheduled MPDSCHs are multiplexed within one narrowband, it means the continuous 6 PRB pairs will be fully occupied for a long time like 50 to 100 subframes order. This will impact on the resource allocation for legacy UEs while resource allocation type 0 is the most frequently used type for legacy UEs. The situation is even worse when the system bandwidth is 5MHz or narrower. The problem is serious for voice or shorter QoS required traffics. If the MPDSCHs are multiplexed in TDM way, part of the 6 PRBs can be reserved for legacy UEs. With TDMed MPDSCHs, the timing line is like the illustration in Figure 3. From the figure, it is obvious that the value of k cannot be fixed as 1 or 2. To de-couple the transmission timing of MPDCCH and scheduled MPDSCH and obtain more flexible resource allocation, k needs to be indicated in DCI carried in the MPDCCH. Therefore, we propose:
Proposal 7: The MPDSCHs scheduled by MPDCCH in enhanced coverage are TDMed, and the timing information of the MPDSCH is included in the DCI carried in corresponding MPDCCH.



[bookmark: _Ref418707275][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Figure 3. Timing relationship of MPDCCHs and scheduled TDMed MPDSCHs
In Figure 3, the four candidates are with different repetition numbers. The MTC UE configured in the search space will blind detect the four candidates with different ending subframes of the repetitions. The understanding of repetition number for UE may be ambiguous if the UE early decodes its MPDCCH successfully before the end of transmitted repetitions. In this situation, it is difficult for UE to decide the starting subframe of MPDSCH repetitions. To avoid the ambiguity, we propose:
Proposal 8: The starting of MPDSCH repetitions should be aligned with the maximum repetition numbers of the candidates UE in enhanced coverage monitored.

Conclusion
In the contribution, we present our thoughts on the search space of MPDCCH. We make the following proposals:
Proposal 1: The starting subframe of MPDCCH-PRB-set is configured or specified as a subset of subframes.
Proposal 2: The subset of the combination of {ECCE aggregation level, number of repetition} is specified and the index of the subset is configured to MTC UE.
Proposal 3: Tree-like structure is applied among the supported repetition numbers in MPDCCH search space.
Proposal 4: The same starting subframe is used for the candidates monitored by one MTC UE.
Proposal 5: 
· The MPDCCH-PRB-set(s) configuration is common across the N subframes.
· The repetitions of one MPDCCH will mapped onto the same ECCEs across N subframes.
· The ECCE mapping is same across the N subframes.
Proposal 6: Candidate of AL=24 is realized as the combination of candidate with AL=8 and 16.
Proposal 7: The MPDSCHs scheduled by MPDCCH in enhanced coverage are TDMed, and the timing information of the MPDSCH is included in the DCI carried in corresponding MPDCCH.
Proposal 8: The starting of MPDSCH repetitions should be aligned with the maximum repetition numbers of the candidates UE in enhanced coverage monitored.
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