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Introduction
In RAN1 #81 meeting, following were agreed:
· A starting subframe of an M-PDCCH UE-specific search space is configured at least for enhanced coverage
· FFS details of configuration
· FFS whether configuration is implicit or explicit
· FFS whether configuration is UE-specific or cell-specific
· For an M-PDCCH candidate with {L, R}
· L: ECCE aggregation level, R: number of repetitions
· The L is the same within R subframes
· The ECCE indices are same within R subframes
· For an M-PDCCH UE-specific search space
· Multiple M-PDCCH candidates with the same {L, R} can be configured. 
· M-PDCCH candidates with different R can be configured for enhanced coverage.
This document discusses the remaining issues of UE-specific search space in no/small repetition and large repetition case separately.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]In [1], we pointed out that the system behaviour is so different between large coverage enhancement and no/small enhancement case. Therefore, to design different contents in DCIs for large coverage enhancement case and for no/small coverage enhancement cases were proposed. Middle coverage enhancement was proposed as FFS in [2] but now our view is middle coverage enhancement can be covered by the DCI either large coverage enhancement case or no/small coverage enhancement case. In addition to DCI, we propose the search space is also different between large coverage enhancement case and no/small enhancement case.
Related to the discussion [2] of the exact meaning of "normal" and "not coverage enhancement", it was pointed out that to say "no repetition" is less ambiguous than to say "no enhancement" because what is the normal coverage itself is ambiguous. Therefore, we use the term "no/small repetition case" and "large repetition case".
Based on the above discussion, we propose two modes on the search space for Rel.13 MTC. Search space mode 1 is targeting no/small repetition case. Search space mode 2 is targeting large repetition case. 
Proposal 1: Two modes are defined for Rel.13 MTC search space.  Search space mode 1 is targeting no/small repetition case. Search space mode 2 is targeting large repetition case. 

We further discuss the search space of MPDCCH. Multiple candidates of M-PDCCH construct one search space which is mapped onto 2 PRB-sets. The PRB-set is defined based on the definition of EPDCCH-PRB-set. One of the M-PDCCH candidates is mapped onto L ECCEs in frequency domain and R subframes in time domain. The blind decoding (BD) is realized in frequency and time domain.


Search space mode 1 for no/small repetition case
In frequency domain, we propose the search space with following properties. It is basically aligned with the WF [3] in the last RAN1 meeting:
· MPDCCH-PRB-set of 2 PRBs and 4 PRBs are monitored. 
· Candidates of aggregation level (AL) 1, 2, 4, 8, 16 and 24 are supported.
· The ECCE mapping of candidate L= 1, 2, 4, 8 and 16 is same as EPDCCH candidates.
Candidate of L=24 is mapped onto the combination of candidate L=8 in PRB-set of 2 PRBs and candidate L=16 in PRB-set of 4 PRBs. PRB-set of 6 PRBs is not necessary to be defined. 24 CCE is realized by 2 PRB-sets will reduce the specification work.  When one of PRB-sets is used, unused PRBs can be used for the other purpose like used for PDSCH or other EPDCCH. More detailed discussion is seen in [6].
Proposal 2: Aggregation levels 1, 2, 4, 8, 16 and, 24 are supported for MPDCCH in the search space mode 1. 
Proposal 3:  MPDCCH candidate with aggregation level 24 is mapped onto the combined resources of candidate L=16 in PRB-set of 2 PRBs and candidate L=8 in PRB-set of 4 PRBs in the search space mode 1.

One example of candidates monitored by a MTC UE in the search space mode 1 of one DCI size is listed in Table 1. The total 16 BD trials are same as current normal UEs. The column of "number of candidate" means followings. Using the case of L=2 as example, {2,2,0} means 2 BD trials in PRB-set 2,  2 BD trials in PRB-set 4 and no BD trial in the combination of 2 and 4 PRB set. L=24 is realized only for the combination of 2 and 4 PRB set.
[bookmark: _Ref426382341]Table 1 Example of MPDCCH candidates monitored by one MTC UE
	L
(Aggregation level)
	Number of candidates in {2 PRB-set, 4 PRB-set, combination of 2 and 4 PRB-set}

	1
	3, 3, 0

	2
	2, 2, 0

	4
	1, 1, 0

	8
	1, 1, 0

	16
	0, 1, 0

	24
	0, 0, 1



In time domain, one or a few repetitions are supported. RMax is the maximum repetition number of MPDCCH repetitions and is configured by RRC signaling. While blind detecting the candidate {L, R}, one MTC UE will accumulate the repetitions from the starting subframe and attempt to decode it until succeed. If not succeed, it will continue the accumulation attempts until the ending subframe of RMax repetitions as shown in Figure 1. This behaviour can minimize the soft buffer for MPDCCH. The starting subframe of the search space can be configured by eNB or determined by equation, i.e., the index of starting subframe satisfies: mod (nsubframe, RMax)=0. The RMax and the starting subframe of the search space are common to aggregation levels.



[bookmark: _Ref426386462]Figure 1 MPDCCH in no/small repetition case and scheduled data channel
Proposal 4:  UE attempts to decode its MPDCCH in each subframe from the starting subframe to the ending subframe of maximum repetitions of MPDCCH until succeed in the search space mode 1.


In the search space mode 1, same-subframe scheduling and cross-subframe scheduling are supported. However, we propose the same-subframe scheduling is only used in no repetition case since same-subframe scheduling with repetition increases the buffer (i.e. UE complexity) and wake-up time unnecessarily. The repetition case is realized by cross subframe scheduling only. In the repetition case, the scheduled MPDSCH/MPUSCH is transmitted from the kth subframe after the end of maximum repetitions (RMax) of MPDCCH as shown in Figure 1.
For MPDSCH scheduled by MPDCCH in search space mode 1, there are two cases of used narrowband. If eNB has the knowledge of good narrowband for the MPDSCH transmission, scheduling gain can be obtained by indicating the better narrowband in the DCI. If the channel states of the narrowbands are not known by eNB, which narrowband is better depends on the latency if k is different depending on the subband usage. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Search space mode 2 for large repetition case
Search space mode2 is targeting large number of the repetitions in both MPDCCH and MPDSCH/MPUSCH. In this mode, to use all DL 6 PRBs of one narrowband will reduce the wake-up time of MTC UE and can save the power consumption of UE. Therefore, MTC UEs is not required to blind decode different aggregation levels in frequency domain. We propose:
Proposal 5: Fully occupation of one narrowband is proposed for MPDCCH in the search space mode 2. 

The resource mapping of candidate with L=24 is same as the search space mode 1.

In time domain, tree-like structure in [5] is proposed as illustrated in Figure 2.


[bookmark: _Ref427243925]Figure 2 MPDCCH in large repetition case and scheduled data channel

4N is the maximum repetition number of MPDCCH which is configured by eNB. The MTC UE has following candidates of blind decoding in the time domain:
Table 2 MPDCCH Candidates monitored in time domain by one MTC UE in large repetition case
	Index of candidate
	Accumulated repetitions

	0
	 0    ~     

	1
	    ~    

	2
	  ~   

	3
	  ~    

	4
	0     ~    

	5
	  ~    

	6
	0     ~     4



In the case of power boosting available at eNB side, the flexibility provided by the candidates in time can early stop the MPDCCH detection of UE. This will reduce the power consumption of UE as to reduce the reception time and does not require blind trials of every subframe. To have different starting and ending positions in time allow TDM operation of MPDCCH with supporting the maximum number of the aggregation length 4N. The maximum repetition length of 4N can be seen as one type of fallback mechanism [7].
Proposal 6: MPDCCH candidates with tree-like structure in time domain are monitored in the search space mode 2. 

Only cross-subframe scheduling is supported. The repetitions of the scheduled data channel are transmitted from the kth subframe after the end of maximum repetitions (4N) of MPDCCH and the possible repetition numbers are also tree-like structure. For example, the maximum repetition number of the scheduled data channel is 4M which is configured to UE. One of possibilities of repetitions of scheduled data channel listed in Table 3 is signaled by the corresponding MPDCCH and the MTC UE will detect the data channel accordingly.

[bookmark: _Ref426464973]Table 3 Possible repetition numbers and locations of scheduled data channel in large repetition case
	Index of candidate
	Accumulated repetitions

	0
	 0    ~     

	1
	    ~    

	2
	  ~   

	3
	  ~    

	4
	0     ~    

	5
	  ~    

	6
	0     ~     4

	Note: 0 means the first repetition in kth subframe after the end of MPDCCH repetitions.



For MPDSCH scheduled by MPDCCH in search space mode 2, it is difficult to get available CSI of narrowbands due to the large latency. In large repetition case, scheduled MPDSCH should be transmitted in the same narrowband of the corresponding MPDCCH. 
As proposed in [6], common frequency hopping pattern is proposed among the narrowbands.  If frequency hopping is used, MPDCCH and scheduled MPDSH are transmitted in same narrowband or with the same offset in the frequency hopping pattern. One example is illustrated in Figure 3. One MPDCCH is transmitted in offset 1 in the common frequency hopping pattern and the scheduled MPDSCH is transmitted in the same offset after one frequency gap. 



[bookmark: _Ref427076930]Figure 3 Frequency hopping of MPDCCH and scheduled MPDSCH
   
RE mapping and Antenna port usage of PRB-set
In EPDCCH-PRB-set configuration, the RE mapping and DMRS antenna port (AP) usage are bundled. If the RE mapping is localized, for single layer transmission DMRS AP 107/108/109/110 depending on ECCE# and C-RNTI is used. Otherwise, DMRS AP 107 and 109 are used for distributed RE mapping. 
For MPDCCH configured in search space mode 1 for no/small repetition case, as proposed, the MPDCCH is monitored assuming AL 1, 2, 4, 8, 16 and 24 in PRB-set with 2PRBs-set, 4 PRBs-set and combinations of the two sets. The RE mapping of the two sets are configured separately and the DMRS usage of each set follows the RE mapping of the set as localized or distributed. If PRB-bundling is also supported, PRB-bundling within each PRB-set is realized. If decoding candidate with AL=24 and PRB-bundling of 6 PRBs are required, the demodulation over 6 PRB-bundling for AL=24 and the demodulation each PRB-sets are separately required. On the other hand, to support 6 PRB banding for no/small repetition case would be not so essential in order to reduce the demodulation complexity. 
For MPDCCH configured in search space mode 2 for large repetition case, it is proposed that MPDCCH is fully occupied the whole narrowband. The RE mapping is not so important for the performance. To simplify the channel estimation, the DMRS AP usage should be same within the whole narrowband.
Conclusion
In the contribution, we present our thoughts on the search space of MPDCCH. We make the following proposals:
Proposal 1: Two modes are defined for Rel.13 MTC search space.  Search space mode 1 is targeting no/small repetition case. Search space mode 2 is targeting large repetition case. 
Proposal 2: Aggregation levels 1, 2, 4, 8, 16 and, 24 are supported for MPDCCH in the search space mode 1. 
Proposal 3:  MPDCCH candidate with aggregation level 24 is mapped onto the combined resources of candidate L=16 in PRB-set of 2 PRBs and candidate L=8 in PRB-set of 4 PRBs in the search space mode 1.
Proposal 4:  UE attempts to decode its MPDCCH in each subframe from the starting subframe to the ending subframe of maximum repetitions of MPDCCH until succeed in the search space mode 1.
Proposal 5: Fully occupation of one narrowband is proposed for MPDCCH in the search space mode 2. Proposal 6: MPDCCH candidates with tree-like structure in time domain are monitored in the search space mode 2.  
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