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1. Introduction

At the last meeting, extensive offline and online discussions were carried out for the physical downlink control channel for MTC. And the following progress was achieved [1]. 

Agreements:
· Regarding the physical downlink control channel for MTC:

· It is used to transmit DCI messages to Rel-13 low complexity UEs

· Its usage for other purposes than unicast transmission is FFS

· Its usage for other UEs in enhanced coverage is FFS

· It is a narrowband (within 6 PRBs) control channel

· Its demodulation is based on CRS and/or DMRS (FFS)

· It is not mapped to legacy control regions

· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable

· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH
Utilizing EPDCCH for the downlink control information (DCI) transmission is more reasonable as analysed in our companion contribution [2]. In this contribution, we discuss some issues related to the EPDCCH-based search space (SS) for low cost MTC UEs. 
2. Need for EPDCCH-Based Common Search Space
In Rel. 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 Rel. 13. Since the EPDCCH framework has been formed in Rel. 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 network (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

According to the description in section 3, the multiplexing of the eCSS and eUSS transmission/reception in time domain is necessary. In order to avoid mis-detection of DCI at the UE side, the position of eCSS occasions in time domain should be clearly defined. In previous releases, RRC-connected UEs are required to detect the paging information to check the existence of system information (SI) change notification. If the notification exists, UEs are required to detect the SIB1 and SIB2 during the coming BCCH modification period. Another case of CSS monitoring is for receiving RAR in random access procedure: UEs need to detect RAR during the RAR transmission window.  In the following part, we give several alternatives to define the time occasions for eCSS and eUSS respectively. Corresponding UE behavior and required signaling will also be discussed. In the discussion, the eCSS monitoring includes the detection of DCI which is scrambled by P-RNTI, SI-RNTI or RA-RNTI.

Method 1:  Monitor eCSS at all possible transmission occasions of required broadcast information 

Rel.13 MTC UEs could simply monitor eCSS at all possible transmission occasions of paging, SIB1/SIB2 if SI change notification is detected and RAR if random access is performed. In the other time, Rel.13 MTC UEs only monitor eUSS.
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Figure 2 Principle of Method 1
Method 1 is the most straightforward and simple method. However, inefficient detection (monitoring eCSS in vain) occurs very often and they mainly happen in the paging DCI, SIB2 DCI and RAR DCI 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 necessary. For the RAR DCI and SIB2 DCI, monitoring eCSS across the entire transmission window becomes waste as well. Unicast data can’t be scheduled when Re.13 MTC UEs monitoring eCSS. Hence, inefficient eCSS monitoring will prolong the active time of Rel.13 MTC UEs, which contradicts the power saving goal. Furthermore inefficient eCSS monitoring would cost UE power in the blind decoding in vain. Following Method 2 and Method 3 provide further refinement to improve the detection efficiency. 
Method 2: Monitor eCSS at predefined or configured occasions among all the possible transmission occasions of required broadcast information
As analyzed in the above paragraph, the detection inefficiency happens in the paging DCI, SIB2 DCI and RAR DCI detection due to uncertain transmission subframe, method 2 restricts detection occasions for these DCIs by predefinition or RRC configuration as illustrated in Figure.3. When Rel.13 MTC UEs need to detect paging, SIB2 or RAR, they only monitor eCSS at the defined occasions instead of all possible transmission occasion.  On the eNB side, it could adjust the scheduling according to the defined detection occasions.
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Figure 3 Principle of Method 2
Method 3: Monitor eCSS only at SIB1 transmission subframe and transmit paging DCI, RAR DCI and SIB 2 DCI in eUSS region
To avoid the negative impact in the unicast data scheduling when detecting paging DCI, RAR DCI and SIB2 DCI, method 3 moves these DCIs to the eUSS region as shown in Figure.4 Then, unicast data can be scheduled if these DCIs are not transmitted at the possible transmission occasions. In this case, Rel.13 MTC UEs only monitor eCSS at the SIB1 DCI transmission subframe if the SI change notification detected. 
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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 duplicate transmissions of paging DCI, SIB2 DCI and RAR DCI, 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 quite 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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