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1. Introduction

At the last RAN plenary meeting, it was agreed to continue the low cost MTC discussion in Release 13. One important low cost feature is reduced bandwidth as described below [1]. 
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

Since the legacy PDCCH almost spans all bandwidth, it is difficult for low cost MTC UEs only supporting reduced bandwidth to detect the legacy PDCCH. In this case, only EPDCCH can be relied on. In this contribution, we discuss some issues related to the EPDCCH-based search space for low cost MTC UEs. 
2. Need for EPDCCH-Based Common Search Space
In Release 11, the EPDCCH having UE-specific spaces (USS) was specified. Therefore, for low cost MTC UEs which are unable to detect the legacy PDCCH, it is natural to rely on the EPDCCH-based USS for the unicast scheduling. While for the broadcast scheduling, it faces problem due to no support for the EPDCCH-based common SS. One solution is to predefine transmission resource and transmission format for broadcast information scheduling in advance like PBCH transmission to avoid relying on common SS (CSS). However, this solution imposes significant negative impact on the scheduling flexibility and spectral efficiency. To maintain the scheduling flexibility and spectral efficiency as before, EPDCCH-based CSS should be introduced at least for low cost MTC UEs in Release 13. Since the EPDCCH framework has been formed in Release 11 already, EPDCCH-based CSS can be considered smoothly with small standardization effort. 
Proposal 1: EPDCCH-based common search space should be supported for low cost MTC UE

3. Issues Regarding the EPDCCH-Based Search Space Monitoring
With enhanced USS (eUSS) and enhanced CSS (eCSS) available for low cost MTC UEs in the network, they can be multiplexed in the same physical resources or configured in separated physical resources. Considering there will be massive low cost UEs in one cell, we think separate PRB pairs assigned for eCSS and eUSS from the NW perspective should be possible. Furthermore, separate resources for eCSS and eUSS provides more flexibility in the EPDCCH transmission mode configuration, e.g. eCSS can be configured with distributed transmission and eUSS can be configured with localized transmission.

Proposal 2: Separate physical resource configuration for eCSS and eUSS should be supported from NW perspective
Due to the reduced bandwidth feature, it is very likely that the low cost MTC UEs are unable to monitor eCSS and eUSS simultaneously in one subframe. One configuration is that the eCSS and eUSS are configured in non-adjacent resources as shown in Figure 1(a). Even if the eCSS and eUSS are configured in adjacent resources, the total resources occupied by them may also exceed the supported maximum bandwidth by low cost UE as exhibited in the example of Figure 1(b). In the problematic cases, low cost MTC UEs have to choose only one SS to monitor in one subframe. Thus, SS monitoring strategy for the eCSS and eUSS should be investigated. 
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Figure 1 eCSS and eUSS configurations
4. Possible Solutions to the EPDCCH-Based Search Space Monitoring

Clear definition about the eCSS monitoring occasions could coordinate the DCI transmission/reception behaviors between eNB and low cost MTC UEs so as to avoid missing corresponding DCI on the UE side. Since eCSS is mainly responsible for the SIBs, paging and RAR scheduling, we need to make clear rule for these DCIs detection. Here, we provide several candidate methods for SS monitoring.
Method 1:  
· Definition of eCSS and eUSS monitoring occasions respectively:  
· eCSS monitoring occasions: The subframes of UEs detecting SIBs DCI, paging DCI, and RAR DCI as defined in Rel8-Rel12
· eUSS monitoring occasions: The subframes other than eCSS monitoring occasions
· UE behaviors: 
· At eCSS monitoring occasions: the same as the legacy PDCCH CSS monitoring behavior 

· At eUSS monitoring occasions: the same as the legacy PDCCH USS monitoring behavior
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Figure 2 Principle of Method 1
Method 1 is the most straightforward and simple method while inefficient detection occurs very often and inefficient detections mainly happen for the paging, SIB2 and RAR receptions. Paging DCI indicating the SI change is not always transmitted in each PO, and thus monitoring eCSS for all the possible POs is not efficient. For the RAR DCI and SIB2 DCI, monitoring eCSS always becomes waste as well. Hence, the following Method 2 and Method 3 provide further refinement to improve the detection efficiency. 
Method 2:
· Definition of eCSS and eUSS monitoring occasions respectively:
· eCSS monitoring occasions: 
· The subframes of UEs detecting paging DCI, corresponding RAR DCI, SIB2 DCI as newly  predefined or configured by eNB 
· The subframes of UEs detecting SIB 1 DCI as defined in Rel-8 – Rel-12
· eUSS monitoring occasions: The subframes other than eCSS monitoring occasions
· UE behaviors: 
· At eCSS monitoring occasions: the same as the legacy PDCCH CSS monitoring behavior 
· At eUSS monitoring occasions: the same as the legacy PDCCH USS monitoring behavior 
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Figure 3 Principle of Method 2
Method 3: 

· Definition of eCSS and eUSS monitoring occasions respectively: 
· eCSS monitoring occasions: the subframes of UEs detecting SIB 1 DCI as defined in Rel-8 – Rel-12
· eUSS monitoring occasions: the subframes other than eCSS monitoring occasions
· UE behaviors: 
· At eCSS monitoring occasions: the same behavior as the CSS monitoring behavior as defined in Rel-8 – Rel-12
· At eUSS monitoring occasions: 

· At some specific subframes: detect both UE-specific DCI and paging DCI, SIB2 DCI and corresponding RAR DCI 

· The specific subframes could be the subframes of UEs detecting paging DCI, SIB2 DCI and corresponding RAR DCI as defined in Rel-8 – Rel-12.
· The specific subframes could be the subframes of UEs detecting paging DCI, SIB2 DCI and corresponding RAR DCI as defined in Method 2.
· At eUSS monitoring occasions other than the specific subframes: the same as USS monitoring behavior as defined in Rel-8 – Rel-12
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Figure 4 Principle of Method 3
Both Method 2 and Method 3 could improve the detection efficiency. In Method 2, defining the RAR DCI and SIB2 DCI transmissions in some special cases may restrict the scheduling flexibility. However, considering the possibility of these special cases is small, the side effect can be ignored. In Method 3, due to the dedicated paging DCI, SIB2 DCI and RAR DCI transmissions, more physical resources may be consumed. However, in practical system, the system information may not change very frequently and then the increased resource to transmit additional paging DCI and SIB2 DCI is quit limited. Furthermore, the possibility of low cost MTC UEs performing RACH in the RRC connected mode is also small, and then dedicated RAR DCI transmission would also lead to little negative impact. 
Proposal 3: Define clear eCSS monitoring occasions for low cost MTC UEs. Detailed definition is FFS
5. Conclusion
In this contribution, we discuss the E-PDCCH SS monitoring and our views on related issues are as follows:
Proposal 1: EPDCCH-based common search space should be supported for low cost MTC UE.
Proposal 2: Separate physical resource configuration for eCSS and eUSS should be supported from NW perspective.
Proposal 3: Define clear eCSS monitoring occasions for low cost MTC UEs. Detailed definition is FFS.
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