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1. Introduction

A remaining issue to finalize ePDCCH design in Rel-11 is in what subframes the UE should monitor ePDCCH. At RAN1#70 the following decision was made [1]:

Agreement:

· In subframes where UE monitors ePDCCH USS on a given carrier

· it does not monitor PDCCH USS on the same carrier

· it can at least be configured to monitor either localised, or distributed ePDCCH candidates in a given subframe

· it also monitors CSS on PDCCH

· working assumption that the UE can be configured to monitor both localised and distributed ePDCCH candidates in a given subframe

· If “both” are configured, the total number of USS blind decodes on the carrier is not increased
· The subframes where UE monitors ePDCCH USS are defined by at least rules in the specs
· not special subframe configurations 0 and 5 for normal CP, 0 and 4 for extended CP
· working assumption that configuration by higher layer signalling can also be provided (details of the higher layer signalling are FFS)
· In subframes not configured for monitoring ePDCCH, UE monitors CSS and USS on PDCCH according to Rel-10 behaviour

In this contribution we give our view when USS should be located on ePDCCH. 
2. Subframes where UE monitors ePDCCH USS

As a baseline it should be assumed that if a UE is configured with ePDCCH its main mode of operation is to monitor USS on ePDCCH. Natural exceptions to this operation are if reception of ePDCCH is not possible with the existing configuration in the current subframe. At RAN1#70, TDD special subframe configurations without support for DM-RS was identified as such subframes.  

Some further examples of such subframes are: 

· Subframe 0 in TDD and FDD and subframe 5 in FDD if:
· All PRB pairs of all ePDCCH sets of localized type are confined to the 6 center resource blocks and
· All PRB pairs of all ePDCCH sets of distributed type have at least one PRB pair among the 6 center resource blocks
· MBSFN subframes containing PMCH of a MCH monitored by the UE

3. On higher layer configuration

During the discussion at RAN1#70 it was proposed to introduce higher layer signaling indicating subframes where a UE configured with ePDCCH should not monitor ePDCCH (hence, extending the set of subframes beyond the ones mentioned in the previous section). Many of the details of such configuration was however unclear and left FFS. Some motivations where higher layer configuration of fallback could be useful were captured in [1] as: 

· PRS subframes (but infrequent)

· PMCH subframes

· provision of robust fallback

· forward compatibility

As was clear already from the discussion at RAN1#70, PRS subframes are very infrequent and it seems difficult to indicate these subframes to a UE without introducing new system information broadcast. Optimizing the ePDCCH for PRS is unreasonable in Rel.11. 

In MBSFN subframes containing PMCH transmission there is no possibility of PDSCH or ePDCCH scheduling, since PMCH occupies the entire bandwidth. In such subframes uplink scheduling is still possible by PDCCH scheduling. It would be beneficial from a capacity point of view to be able to configure UEs to monitor PDCCH USS in such subframes, in scenarios where PDCCH monitoring is possible. This does however have two serious problems: For the first is it very difficult to inform the UEs about what MBSFN subframes that are actually used for PMCH since this varies over time. The periodicities may also be very large, so the indication would need to handle large variety of configurations, i.e. large bit-sets or arrays. 

Secondly the need for such configuration can be questioned. In a scenario where ePDCCH is configured even though PDCCH can be reliably received, this is due to a need for additional control channel capacity. This indicates that PDCCH is already loaded by UEs not configured to monitor ePDCCH, meaning that the eNodeB have other users to schedule in these PMCH subframes. Due to this it is difficult to assess what the benefit of this additional signaling would actually be.

Provision of robust fallback is in Release 11 already supported by CSS on PDCCH and the possibility to configure multiple sets where at least one set could be of distributed ePDCCH transmission having both frequency and spatial diversity. Hence we don’t see a need to be able to configure e.g. periodic fallback of USS to PDCCH for this reason. 

About forward compatibility: if this is an issue in the future may also be handled by common search space, by not scheduling the specific user in the specific subframe or simply by not configuring ePDCCH for that user. It is also hard to foresee what subframe pattern is needed in the future but as this is a UE specific configuration, it can easily be introduced in a later release if there is a need. 

Based on this arguments we see that there may be a benefit with the possibility to configure subframes where the UE monitors USS on PDCCH but it is difficult to assess how large the benefit is and how large the signaling overhead needs to be.  Hence, we propose the following simple approach for Rel-11 where no additional higher layer signaling is supported to restrict the ePDCCH monitoring subframes
4. Conclusion

In this contribution we discussed whether additional signaling of subframes where USS shall be monitored on PDCCH even though ePDCCH has been configured is needed, and we conclude that no additional higher layer signaling is supported in release 11 to restrict the ePDCCH monitoring subframes to be different from all subframes.

We also identify a set of rules for when USS on ePDCCH should not be monitored according to: 

· Subframe 0 in TDD and FDD and subframe 5 in FDD if:
· All PRB pairs of all ePDCCH sets of localized type are confined to the 6 center resource blocks and
· All PRB pairs of all ePDCCH sets of distributed type have at least one PRB pair among the 6 center resource blocks
· MBSFN subframes containing PMCH of a MCH monitored by the UE
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