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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Reduced bandwidth Rel-13 MTC UEs are not able to decode the legacy PDCCH if the carrier bandwidth is larger than 1.4MHz. Given the use of Rel-11 EPDCCH is based on decoding the legacy PDCCH to obtain the EPDCCH configuration, so something new in addition to Rel-11 EPDCCH is needed. Based on such backgrounds, PDCCH or EPDCCH was not directly used in the following agreements achieved in the last meeting:
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

This paper focuses on how to obtain the EPDCCH configuration if not decoding PDCCH for larger carrier bandwidth and how to support scheduling common messages for Rel-13 MTC UEs. 
[bookmark: _Ref129681832]Common EPDCCH set
From higher layers, up to two UE-specific EPDCCH sets configurations can be provided by RRC per Rel-11, and each set configuration includes the set configuration ID, transmission type, number of PRB pairs, resource block assignment, DMRS scrambling sequence initiation for the configured EPDCCH [1], etc. The resource block assignment provides the EPDCCH-PRB-set at L1.  An EPDCCH set for which the above parameters are the same for Rel-13 MTC UEs is called a common EPDCCH set, and could be used to schedule PDSCH providing configuration parameters for UE-specific EPDCCH sets configuration(s) and/or to schedule common messages on PDSCH.
1) Obtaining UE-specific EPDCCH sets configurations
How to obtain the higher layer UE-specific EPDCCH configuration rather than by decoding PDCCH? There are two directions to resolve such an issue:
All EPDCCH sets configurations are fixed or pre-known for reduced bandwidth MTC UEs rather than configurable by higher layer signalling. UEs would monitor EPDCCH candidates in the EPDCCH-PRB-sets according to some or all of the EPDCCH sets configurations, but the number of EPDCCH candidates or the maximum blind decoding trials should be limited to reduce power consumption. Nevertheless, if the frequency resources (i.e., number of PRB pairs, transmission type and resource block assignment) for the EPDCCH sets MTC UEs monitor are invariable, the obvious disadvantages include scheduling inflexibility (e.g., transmitting EPDCCH and/or PDSCH) and possible performance loss. 
Alternatively, a common EPDCCH set configuration is fixed or pre-known and EPDCCH candidates in the EPDCCH-PRB-set in the common EPDCCH set are monitored by all Rel-13 MTC UEs to find DCIs scheduling PDSCH conveying other UE-specific EPDCCH sets configurations. For example, the common EPDCCH set could be located within the central PRBs of the carrier and sent in subframes other than those used for PBCH repetitions. In this case, the Rel-11 EPDCCH could be reused to a large extent whilst keeping the flexibility of configuring UE-specific EPDCCH sets. 
2) Scheduling common messages
In addition to providing UE-specific EPDCCH sets configurations, the common EPDCCH set could be used to schedule common messages as well including SIBs, paging and RAR. The common EPDCCH set could be in the central PRBs of the carrier and sent in subframes that are not used for PBCH repetitions. Alternatively, by decoding MIB to obtain the system bandwidth, then the PRBs in the common EPDCCH sets could be in a predefined position in the carrier, or perform frequency hopping within the carrier. 
If common messages are scheduled by the common EPDCCH, the transmission occasions as well as the transmission formats and the frequency location as well as the amount of resources could be flexibly determined. The common EPDCCH set configuration may at least need to be defined for obtaining UE-specific EPDCCH configurations anyway, so it could be considered to be used for scheduling common messages as well. 
Proposal 1: Consider designing a common EPDCCH set to obtain other EPDCCH sets configurations and/or schedule common messages. 
Transmission scheme for the common EPDCCH 



For Rel-11 EPDCCH, single port random beamforming is used for both localized and distributed EPDCCH transmission based on the DMRS associated with EPDCCH. For localized transmission, the single antenna port is UE-specific chosen from {107,108,109,110} and depends on normal or extended CP, normal or special subframes. For distributed transmission, each resource element in an EREG is associated with one out of two antenna ports in an alternating manner, starting with antenna port 107, where  for normal cyclic prefix and  for extended cyclic prefix [2].


Considering the common EPDCCH set may be used for obtaining UE-specific EPDCCH sets configurations or used for scheduling common messages, so robust common EPDCCH transmission with good performance is expected. It is known that normally SFBC based transmit diversity including CRS and DMRS based outperforms single antenna port random beamforming, though random beamforming based on two DMRS ports  or  may obtain spatial diversity gains at the cost of larger DMRS overhead. Given DMRS has been used for EPDCCH since Rel-11, hence, for better performance for the common EPDCCH, DMRS based SFBC transmission diversity rather than random beamforming could be considered for the common EPDCCH.
Proposal 2: DMRS based transmission diversity can be considered for the common EPDCCH.
Conclusions
By analysis this contribution concludes that a common EPDCCH set configuration could be used to obtain UE-specific EPDCCH sets configurations if reusing Rel-11 EPDCCH for Rel-13 reduced bandwidth MTC UEs for saving specification efforts. The common EPDCCH set configuration could be used to schedule common messages as well. The transmission schedule for the common EPDCCH set is also discussed. All of these lead to the following proposals:
Proposal 1: Consider designing a common EPDCCH set to obtain other EPDCCH sets configurations and/or schedule common messages. 
Proposal 2: DMRS based transmission diversity can be considered for the common EPDCCH.
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