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1 Introduction
One of the objectives of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage improvement techniques should also be applicable for TDD.

In contribution [2] we discuss the required link budget improvement for each physical signal/channel in FDD. For PDCCH with DCI format 1A, the required improvement is found to be around 13.6 dB (assuming 4 dB losses from single Rx) for the new low-complexity UE type with a single receive antenna and 9.6 dB for other LTE UEs. Using the assumption that the PDCCH common search space needs to be received by all UE types, a 13.6 dB coverage improvement on PDCCH (assuming a payload corresponding to DCI format 1A) needs to be the design target.
In this contribution we discuss coverage enhancements for downlink control signalling, particularly how to provide SIB broadcast, paging and random access responses. 
2 Discussion 

The downlink control channels, PDCCH and EPDCCH, are today used to convey scheduling information to the UE both for UE specific and broadcast signalling. When considering coverage extension of scheduling functionality, a number of different control channel use cases need to be considered which currently are handled by the common search space (CSS). 

Common search space is monitored for SIB scheduling, paging and MBMS service area info updates in RRC idle mode and additionally UE specific scheduling in RRC connected mode. Random access response scheduling is monitored during the RACH procedure. 

To support existing functionality also for extended coverage UEs, one could envision two main approaches:

· Support an enhanced coverage common search space (EC-CSS) in PDCCH and EPDCCH using the same coverage enhancement principles as for the EC-UE specific search space 

· This implies candidate repetition of PDCCH or EPDCCH using a EC-CSS expression to define corresponding CCEs or ECCEs for each candidate respectively 

· Direct use of PDSCH resources for each functionality respectively 
· Hence, there is no control channel monitoring and thus no need for a EC-CSS but resources need to be pre-defined or configured.
Naturally, there are benefits and drawbacks with both approaches. Since CSS carries broadcast information, the degree of repetition must be selected so that even the UE with largest path loss can be reached, hence the EC-CSS would be a rather resource hungry channel. This could lead to serious problem if, particularly for smaller system bandwidths where the number of available CCEs are fewer. 

Therefore, EC-CSS should preferably be transmitted using the EPDCCH to avoid CCE blocking problems when scheduling legacy terminals. If a dedicated EPDCCH set is configured for the EC-CSS, collisions of broadcast scheduling and unicast scheduling messages is avoided. 

Observation: If EC-CSS is supported for enhanced coverage UE, then EPDCCH is preferred   
To avoid the excessive delay and resource overhead, it is also possible to directly use a PDSCH resource without a dynamic scheduling command, if the multiple time resource, TBS and MCS is associated with a property of the particular functionality such as RACH preamble or IMSI for RAR and paging respectively. 

We thus make the following observation:
Observation: Broadcast messages can also be supported without dedicated scheduling command, by implicit or compact scheduling from e.g. MIB, SIB, RACH preambles or IMSI. 
These two alternatives should be further studied and compared.
3 Conclusions

In this contribution we have briefly discussed two method of providing broadcasted channels. We have the following proposal:
Proposal: Study further and decide whether 
· an enhanced coverage common search space should be introduced to provide explicit scheduling of common control channels, or 
· if SCH scheduling should be implicitly scheduled from e.g. MIB o SIB information, RACH preamble identity or IMSI 
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