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1. Introduction
 In this contribution, we discuss some basic features of physical downlink control channel for Rel-13 MTC UEs. In RAN1 #80 meeting, RAN1 has made the following agreements and working assumptions [1] :
Agreements:
· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz

· No multiplexing within a PRB pair of the physical downlink control channel for MTC UEs and PDSCH for MTC UEs 

· Working assumption: The demodulation of the physical downlink control channel for MTC is based on at least DMRS

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

· Confirm the working assumption: 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
Agreements:
· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage

· 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.

· If/When PDSCH is indicated via physical downlink control channel for MTC:
· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE.
· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0).
· Working assumption: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement.


We discuss first the working assumption to be confirmed, and further discuss some aspects of downlink control channel for Rel-13 MTC UEs.
2. Discussion
Physical downlink control channel design
Since it was agreed that legacy PDCCH is not used to signal control information for Rel-13 MTC UEs, it is needed to discuss new control channel which is operated within 6 PRB bandwidth. There are two main approach to design such physical downlink control channel: PDCCH based approach and EPDCCH based approach (see Fig. 1). As listed in section 1, RAN1 has made a working assumption that EPDCCH based approach is the baseline at least for MTC UEs in coverage enhancement. We agree that there are some beneficial points in the EPDCCH based approach for Rel-13 MTC UEs. First, power spectral density (PSD) boosting is able to be applied to extend the coverage for control channel e.g. by not sending data or by reducing transmit power in PDSCH region for Rel-13 MTC. Although the coverage gain by PSD boosting is small, the coverage gain can be utilized to compensate coverage degradation due to the application of single receiver RF chain, which is 4 dB in average [2]. Such coverage gain is beneficial not only for UEs in coverage enhancement but for Rel-13 low-complexity UEs. The other benefit to use EPDCCH is its configurability of the number of PRB pairs involving in a EPDCCH set. Some companies mentioned that it is effective to allocate whole 6 PRB exclusively for one UE's control signalling in order to reduce the number of repetition for coverage enhancement. Hence, EPDCCH configurability of the bandwidth for control channel can be utilized for such purpose. 
Observation 1
EPDCCH based physical downlink control channel is beneficial for coverage compensation of low complexity UEs and/or UEs in coverage enhancement.

Proposal 1
Confirm the working assumption to use Rel-11 EPDCCH as the start point of physical control channel design for Rel-13 MTC UEs
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(a) PDCCH based approach             (b) EPDCCH based approach
Figure 1 Physical downlink control channel structure for Rel-13 MTC
Common search space for Rel-13 MTC
In Rel-11 EPDCCH, only UE dedicated control information is scheduled. Therefore, common control information has to be scheduled to a part of the narrow band resources. There are mainly three approaches to configure common search space (see Fig. 2):

(a) Configure common search space only in PDSCH region for Rel-13 MTC

(b) Configure common search space only in EPDCCH based downlink control channel region for Rel-13 MTC

(c) Configure common search space to a certain fixed resource position in every subframe
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Figure 2 An example of common search space region
Note: Common search space does not necessarily exist in the region depicted in Fig. 2 with respect to subframe-axis.
There are no much difference between (a) and (b). Applicability of these two schemes can be discussed for example based on which resource is expected to send larger amount of data. As for (c), since the common search space is scheduled irrespective of the existence of EPDCCH, the approach (c) may lead to simpler UE operation than (a) or (b). 
Observation 2
In case of EPDCCH based physical control channel for Rel-13 MTC, common control information for Rel-13 MTC can be scheduled in fixed PDSCH region, a part of EPDCCH region, or both of region.

Localized v.s. distributed
For resource scheduling for EPDCCH, there are two schemes: localized and distributed. For complexity reduction of resource scheduling, it is preferable to narrow them down to one solution for Rel-13 MTC. Since the main benefit of distributed scheduling is from frequency diversity gain, the gain is severely reduced in narrow band system. Therefore, localized scheduling of EPDCCH is appropriate for Rel-13 MTC physical downlink control channel.
Observation 3
For physical downlink control channel for Rel-13 MTC UEs, localized scheduling is appropriate.

3. Conclusion

 In this contribution, we discussed some aspects of basic PDCCH design. The following observations and a proposal are made:
Observation 1
EPDCCH based physical downlink control channel is beneficial for coverage compensation of low complexity UEs and/or UEs in coverage enhancement.
Observation 2
In case of EPDCCH based physical control channel for Rel-13 MTC, common control information for Rel-13 MTC can be scheduled in fixed PDSCH region, a part of EPDCCH region, or both of region.
Observation 3
For physical downlink control channel for Rel-13 MTC UEs, localized scheduling is appropriate.

Proposal 1
Confirm the working assumption to use Rel-11 EPDCCH as the start point of physical control channel design for Rel-13 MTC UEs
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