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1 Introduction

In RAN#60 meeting, in order for support and provision of the MTC UEs equipping low cost features, an MTC work item was approved with consideration of the following WID [1]. 
· Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

From RAN1#76 meeting, an email discussion has proceeded on scheduling method to support low-cost MTC UE for common data and unicast data. Potential scheduling options for each of common data and unicast data are summarized as the followings.
· Common data scheduling

· Option C1: PDSCH within the entire bandwidth scheduled by PDCCH in the same sub-frame (At least, one sub-option below should be selected)

· Option C2: PDSCH PRB location(s) within a limited number semi-static or predefined PRBs, with PDCCH within same subframe to indicate exact resource allocation (At least, one sub-option in each
· Option C3: PDSCH within the entire bandwidth scheduled by PDCCH (At least, one sub-option below should be selected)

· Option C4: The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band

· Unicast data scheduling

· Option U1: PDSCH within the entire bandwidth scheduled by (e)PDCCH in the same subframe (At least one sub-option in each category below is should be selected)

· Option U2: PDSCH location(s) within a limited number of semi-static PRBs, with (E)PDCCH within same subframe to indicate exact resource allocation (At least one sub-option below is required to be implemented for low cost UE)

· Option U3: (E)PDCCH cross subframe scheduling using C-RNTI

· Option U4: The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band.

In this contribution, we discuss on the (E)PDCCH related issues for a new UE category/type to support a low cost MTC device.

2 Issues on downlink grant DCI field
2.1 Determination of actual PDSCH resource

A new UE category/type supports reduced downlink channel bandwidth of 1.4 MHz for data channel [1]. Because of this bandwidth restriction, an eNodeB cannot assign more than 6 PRBs for PDSCH transmission to a new category/type UE. 
However, resource allocation of more than 6 PRBs can be happened unavoidably. For instance, if PDSCH resource is allocated with RBG granularity (i.e. resource allocation type 0) and a RBG consists of 4 PRBs, eNodeB can assign 8 PRBs (i.e. 2 RBGs) when it wants to assign more than 4 PRBs (i.e. 1 RBG). Of course, in this case, resource allocation more than 6 PRBs can be prevented by allowing only 4 PRBs for PDSCH. But, since it cannot make full use of maximum resource for a new category/type UE, it seems necessary to not prohibit resource allocation more than the maximum PDSCH bandwidth. So, PDSCH resource for a new category/type UE is larger than the reduced downlink bandwidth for data channel, the UE needs to know where is valid PDSCH resource.
Determination of valid PDSCH resource when scheduled PDSCH resource via DCI is larger than 6 PRBs would depend on scheduling scheme. Let’s assume that PDSCH is scheduled by same-subframe scheduling within a limited number of semi-static PRBs. Then, scheduled PDSCH resource by DCI can get out of PDSCH monitoring PRBs region, or PRB size of scheduled resource can be larger than the PDSCH bandwidth as shown in Figure 1. In this case, for example, a UE can determine the PRBs within PDSCH monitoring PRBs region are valid PRBs for PDSCH transmission. For PDSCH scheduling, cross-subframe scheduling can be applied. In this case, if scheduled PDSCH PRB size is larger than PDSCH bandwidth limitation, a UE can regard 6 PRBs from the lowest index within scheduled resource by DCI are valid.
Proposal 1: Determination of valid PRBs for PDSCH would be required when scheduled PRBs exceed the maximum PDSCH bandwidth.
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Figure 1. An example of valid PDSCH resource determination
2.2 Reduction of downlink grant DCI format size
According to the WID [1], a new UE category/type supports single Rx antenna for low-cost. Therefore, PDSCH for a new category/type UE would be scheduled by single layer transmission. Even if the UE is operated in a transmission mode supporting multiple layer transmission, it can receive single transport block only. So, some fields for 2nd transport block in DCI would be unnecessary to a new category/type UE.
Then, it can be considered to reduce DCI overhead by removing unused fields to a new category/type UE. If 2nd transport block related fields are eliminated, DCI length can be reduced, for example, from 42 bits to 34 bits (i.e. reduction of 19 %) when DCI format 2C and 10 MHz system bandwidth are assumed.
If PDSCH is scheduled by same-subframe scheduling within a limited number of semi-static PRBs (Option C2/U2), resources for PDSCH in a subframe is limited to the semi-statically scheduled 6 PRBs. In this case, when a new category/type UE interprets RA field, it can understand 
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 to the reduced downlink bandwidth for data channel instead of downlink system bandwidth. Then, the size of RA field in downlink grant DCI formats can be reduced.
This RA field reduction can be applied to all downlink grant DCI formats. But, reduction on RA field of DCI format 1A and zero padding to make equal length with DCI format 0 is not applied, blind decoding number would be increased because of DCI format 0 and 1A size difference. Thus, it is not desirable to reduce DCI format 1A size in terms of smaller downlink data bandwidth. Therefore, if RA field reduction is applied, it would be desirable to consider only for transmission scheme not using DCI 1A (such as transmission scheme with DCI 1/1B/1D/2/2A/2B/2C/2D).
Proposal 2: 2nd transport block related fields can be eliminated from DCI for a new category/type UE.
Proposal 3: If same-subframe scheduling within a limited number of semi-static PRBs is assumed (Option U2), RA field reduction for TM-dedicated DCI formats can be considered.
3 Structure of EPDCCH search space
For cost saving of a new category/type UE, downlink channel bandwidth of 1.4 MHz for data channel is supported, whereas PDCCH is transmitted through entire bandwidth. EPDCCH is a control channel, but it can be transmitted through partial PRBs like PDSCH. Therefore, available resource for EPDCCH transmission needs to be discussed for EPDCCH-capable new category/type UE. For downlink channel bandwidth for EPDCCH, we can consider following two options.
· Option 1: EPDCCH can use the entire system bandwidth.
· Option 2: Entire bandwidth for EPDCCH and PDSCH is restricted to 1.4 MHz.
In Option 1, resource for EPDCCH transmission is not restricted. Then, post-FFT buffer size of a UE may be increased depending on the scheduling choice (for example, compared with Option U1, the buffer size would not be increased depending on UE implementation whereas compared with Option U2/U3, the buffer size can be increased). On the other hand, EPDCCH bandwidth is reduced as Option 2, EPDCCH can be supported with lower cost compared to Option 1. In this case, resource for EPDCCH and PDSCH can be restricted, but it seems not a big concern since EPDCCH would not be transmitted in all subframes and the amount of MTC traffic would not be large. In addition, this option would be a better choice for cost-saving perspective. 
When cross-subframe scheduling (Option U3) is applied to a new category/type UE, in an EPDCCH monitoring subframe, resource collision between PDSCH scheduled in prior subframe and EPDCCH scheduling can be happened. This collision can be avoided by proper configuration of EPDCCH monitoring subframe set and scheduling restriction, or proper UE reception behaviour (e.g. rate-matching). 
Proposal 4: Entire bandwidth for EPDCCH and PDSCH can be restricted to 1.4 MHz for cost saving of new category/type UE.
4 Conclusion
In this contribution, we discussed about some (E)PDCCH related issues for a new UE category/type to support a low cost MTC device. Based on the discussion, we have some proposals as follows.
Proposal 1: Determination of valid PRBs for PDSCH would be required when scheduled PRBs exceed the maximum PDSCH bandwidth.

Proposal 2: 2nd transport block related fields can be eliminated from DCI for a new category/type UE.

Proposal 3: If same-subframe scheduling within a limited number of semi-static PRBs is assumed (Option U2), RA field reduction for TM-dedicated DCI formats can be considered.

Proposal 4: Entire bandwidth for EPDCCH and PDSCH can be restricted to 1.4 MHz for cost saving of new category/type UE.
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