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1 Introduction
In [1], we have discussed the benefit to define a new narrowband downlink control region for MTC. This document discusses the search space of MTC UEs in normal and enhanced coverage in the downlink control region. 
In this document, "Physical downlink control channel for MTC" is called as MPDCCH.
2 Discussion
Legacy downlink control region includes multiple (E)CCEs in one subframe. Legacy (E)PDCCH will be detected within the search space in one subframe. Because of the repetition, multiple subframe's (E)CCEs would be further used as the search space of MPDCCH. If the search space is defined only in the frequency domain, the blocking (=collision of candidates of different UEs) continues over the period of the whole repetition window. In order to avoid such situation, we propose the search space is applied also in time domain. Then for one MTC UE, its search space in one MTC control region is further separated into search space in frequency domain and in time domain, as illustrated in Fig.1. By such design, the blocking can be avoided in the whole repetition window of MPDCCHs. And even when one MPDCCH is mapped to fully occupying available REs in 6 PRB pairs, other subframes can be used for the MPDCCH for other UEs
In Fig.1, all subframes are illustrated as continuous but depending on the discussion on where are the subframes for the MPDCCH, actual physical subframes used for MPDCCH may not be continuous. In case "M-frame" proposal in [1], control subframes are more continuous in time in order to allow efficient multiplexing among MPDCCHs and among PDSCHs. 
In Fig.1, (E)CCE and MPDCCH are realized by following. 

· In frequency search space, one repetition of MPDCCH is transmitted in multiple (E)CCEs which constitute one frequency candidate.
· In time search space, multiple repetitions of one MPDCCH are transmitted in multiple subframes which constitute one time candidate.
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Fig.1 Illustration of the candidates in control region for MTC

Proposal 1: The search space of MPDCCH in MTC downlink control region should be specified in both frequency domain and time domain. 
For MTC UEs, multiple repetitions of one MPDCCH are transmitted in multiple subframes. UE needs to be active from the possible starting subframe until the repetitions ends. To reduce the wake-up time of UE for better battery usage, we proposed to specify multiple checking points in time domain even within one repetition level [1] for the MTC UE in higher coverage enhancement level. 
The behaviour example of multiple checking points is shown in Fig.2. One MTC UE in enhanced coverage is configured as repetition level L. Although the repetition level is L subframes, depending on the power availability of eNB, by using PSD boosting, the transmission of MPDCCH repetitions could be early terminated. For MTC UE, to check EPDCCH reception in every subframe increase power consumption. By setting common understanding of the checking points between eNB and UE, eNB can know when termination can be known by UE and UE can decode MPDCCH only at the checking points. Therefore such common understanding is necessary. UE starts to receive its MPDCCH from the starting points and try to decode MPDCCH at every checking point until succeeds. In order to specify the checking points, multiple candidates in time domain are necessary. Furthermore, in order to minimize the wake up time as much as possible, the starting point of the candidates in time domain for one UE should be same or at least overlapped.
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Fig.2 Multiple checking points for coverage enhancement MTC

Proposal 2: For MTC UEs in higher coverage enhancement level, the search space of MPDCCH should include multiple candidates in time domain which have the same starting subframe.
For MTC UEs in normal/small enhanced coverage, its MPDCCH is transmitted with no or a few repetitions. Multiple aggregation levels and multiple candidates can be supported in frequency search space to use the resource in the control region efficiently and flexibly. In time domain, multiple candidates of same repetition number need UE to blind detect its MPDCCH from different starting subframes. This makes UE's wake-up time increase to several times of the assumed repetition number in the worst case. The resource collision among MPDCCHs can be avoided by multiple candidates in frequency domain. Therefore, multiple candidates in time domain are not necessary. The position of candidate(s) in time domain can be predefined or configured by higher layer signalling.
Proposal 3: For MTC UEs in lower coverage level, multiple candidates in frequency search space are sufficient, and the position of the candidate in time search space can be predefined or configured.

Within one subframe in the downlink control region, there are two ways to map the (E)CCEs to REs:
· PDCCH like mapping (First frequency and then time, distributed in narrowband) which is called NC-PDCCH
· EPDCCH like mapping (First time first and then frequency; localized/distributed)
Taken transmit diversity as the baseline scheme for MPDCCH as it is workable for both lower and higher coverage enhancement levels. Diversity scheme, usage of RS related to the mapping methods and the corresponding performance will affect the determination of mapping method. Following lists the possible diversity candidate schemes. Simulations of the two methods are on-going by companies in RAN1. With the performance comparison, other enhanced techniques, e.g., combined usage of CRS and DMRS, DMRS based SFBC can be evaluated also and considered to be used.
· PDCCH like mapping with SFBC using CRS
· EPDCCH like mapping with RBF using DMRS
· EPDCCH like mapping with SFBC using both DMRS and CRS
· EPDCCH like mapping with predetermined beam pattern using both DMRS and CRS

3 Conclusion

In the contribution, we present our thoughts on the search space of MPDCCH. We make the following proposals:
Proposal 1: The search space of MPDCCH in MTC downlink control region should be specified in both frequency domain and time domain. 

Proposal 2: For MTC UEs in higher coverage enhancement level, the search space of MPDCCH should include multiple candidates in time domain which have the same starting subframe.

Proposal 3: For MTC UEs in lower coverage level, multiple candidates in frequency search space are sufficient, and the position of the candidate in time search space can be predefined or configured.
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