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1 Introduction
The Study Item of Provision of low-cost MTC UEs based on LTE was approved at RAN#53 meeting [1]. For the objective comparison in terms of the performance and cost of MTC UEs the following is basically assumed and the detail evaluation methodology of each aspect (performance and cost) can be found in [2].
· System bandwidth is 20MHz
· Cat-1 LTE UE
· Single RAT
· Single band

· [TDD/Full duplex FDD]
· [Direct DL and UL wide-area-network access from MTC devices to eNB]
In the meantime the operating bandwidth for MTC UEs could be a narrow bandwidth considering the low-cost MTC and its application [3]. 
In this contribution, how to multiplex the DL-control information for MTC UEs and to identify the control information at MTC UEs are introduced assuming that the operating bandwidth of MTC UEs is narrower than eNB’s system bandwidth.
2 Multiplexing the resources for legacy and MTC UEs
In case that eNB’s system bandwidth is larger than the MTC UEs’ bandwidth, there could exist several configurations in multiplexing the legacy control signals with the newly designed control signals for MTC UEs; e.g., 20MHz of system bandwidth and 1.4MHz of MTC bandwidth. Regarding the different bandwidth assumption the following two frame structures can be considered where the traffic data for the legacy UEs is presumably multiplexed with that of MTC UEs in frequency domain. 
2.1 Multiplexing Type-1
In Fig. 1 the MTC control channels are multiplexed right after the control channels of the legacy LTE UEs. 
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Fig.  1 Frame structure of Type-1
2.2 Multiplexing Type-2
In Fig. 2 it shows that the MTC control channels are multiplexed at the last symbols of a subframe. 
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Fig.  2 Frame structure of Type-2
Compared with type-1, type-2 demands less computational complexity by locating the control information for MTC UEs in a fixed position. On the other hand, the type-2 is not appropriate to the application that is sensitive to the time delay and to micro-scopic DRX operation for MTC UEs. 
3 Configuration of MTC Control Information
Like legacy LTE UEs, the probable control information for MTC UEs could consist of MTC-CFI, MTC-HI, and MTC-DCI where MTC-HI is dependent on whether H-ARQ is performed in MTC application, and if the number of symbols for MTC control channels is fixed, then MTC-CFI may also not be required.

On the contrary, in case that the number of symbols is unfixed, MTC UEs should also know CFI for legacy UEs in order to correctly decode the MTC data channel. However, since the PCFICH for legacy UE spreads over the entire system bandwidth, MTC UEs with narrower bandwidth cannot detect it. And hence the CFI information for legacy UEs needs to be informed to MTC UEs. 

With respect to that, there are two possible methods to include the CFI information for legacy UEs in MTC control channels.

Explicit method:

The control channels of MTC UEs include the CFI information bits (2 bits) of the legacy UEs (joint coding)

Implicit method:

One of candidate methods is to apply the position modulation (PM) that differentiates the position of MTC control channel according to CFI information for the legacy UEs, and the MTC UEs execute blind decoding. As an example, Fig. 3 displays the position modulation in time (T) and frequency (F) domain, respectively. 

When we compare the two schemes, the explicit method is rather inefficient in terms of the resource utilization while the implicit method demands the increased computational complexity in performing the blind decoding. 
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Fig.  3 T-PM (a) and F-PM (b)
4 Conclusions
In this document we have introduced the two types of frame structure of DL-control information for MTC UEs and briefly investigated the characteristics of each structure. In addition, given that the CFI for legacy UEs has to be known to MTC UEs, the two possible methods are introduced. 

The configuration of the control information for low-cost MTE UEs including the design of the frame structure needs to be studied further especially in the light of the resource utilization and computational complexity.
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