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1. Introduction

In this contribution, the remaining details of mapping of ePDCCH to PRBs are discussed, including allocation of downlink resources using ePDCCH.  

2. ePDCCH Sets and Clusters

One of the large motivations for introducing a new downlink control channel is the possibility to do frequency domain interference control. To achieve this flexibility in the assignment of resource blocks for ePDCCH is required. To aid the discussion in this paper we introduce two terms, ePDCCH set and ePDCCH cluster. 

An ePDCCH set is the collection of resource block that a distributed ePDCCH transmission could be spread over. The resource blocks in the set should hence be distributed over the system bandwidth to achieve frequency diversity. The size of the set should be large enough to provide frequency diversity but kept limited to avoid excessive overhead. 

As shown in [1] an allocation of 4 resource blocks constitutes a good trade-off between diversity and overhead, taking into account that two-fold spatial diversity is obtained per resource block by using two antenna ports. For small bandwidth case, the allocation of 4 resource blocks for ePDCCH and the agreement to not allowing multiplexing of data and ePDCCH in the same resource block leads to huge overhead. In addition, the frequency diversity achieved by spreading the transmission over many resource blocks for such small bandwidths is limited. For these reasons we propose that the ePDCCH set size is 2 for bandwidths smaller than 5 MHz and 4 for 5 MHz bandwidths or larger. 

Proposal: ePDCCH set size is 4 PRB for systems with 25 PRBs or larger and 2 PRB otherwise 
PDSCH resource allocation from ePDCCH DCI will be discussed in later sections, but it has been observed that there may be challenges in allocating PRBs in RBGs containing other PRBs used for ePDCCH transmissions. There is hence logic in keeping ePDCCH transmissions within a limited number of RBGs. This is achieved by allocating multiple ePDCCH sets with resources from the same RBGs. We call this collection of sets an ePDCCH cluster where in a 10 MHz system a cluster would consist of 3 ePDCCH sets since the RBG size is 3. 
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Figure 1
 Illustration of the definition of sets and clusters where the number of sets equals the RBG size and the number of RBG per cluster is 4 (or 2). A distributed ePDCCH transmission is mapped within one set. If additional control resources are needed, then additional clusters can be configured.
In this contribution we propose to allocate ePDCCH resources in terms of ePDCCH clusters, exemplified in figure 1. How clusters are distributed between localized and distributed transmission and how the search space is defined is presented in [2]. The search space for a specific UE may not necessarily span the entire ePDCCH cluster. 

Proposal: ePDCCH resources are allocated in terms of ePDCCH clusters each cluster consisting of n sets, where n is equal to the RBG size

3. ePDCCH configuration

In order to support frequency separation of ePDCCH resources in all CoMP and heterogeneous network scenarios, configurations of ePDCCH needs to be done on a UE-specific level. In this contribution we propose that a UE is configured with one or multiple ePDCCH clusters using UE specific signaling. In order to support heterogeneous deployments with large cell selection offsets, where the UE may not be able to reliably decode the PCFICH it is preferable if also the ePDCCH start position is possible to configure with the same UE specific configuration.  
Proposal: A UE is configured with one or multiple ePDCCH clusters using UE-specific configuration.  
4. PDSCH resource allocation and ePCFICH

In order to limit the overhead from PDCCH in situations with low load, the PCFICH was introduced in Rel. 8. The ePCFICH is a broadcast signal since the legacy control overhead also affected all downlink resource blocks. For ePDCCH this is not necessarily the case. Resource blocks not used for ePDCCH can be reused for data by means of dynamic scheduling. Unlink PDCCH the search space could be designed to be fixed, independent of the number of used ePDCCH resources. 

Fragmentation of the downlink resource has been highlighted as a problem with PDSCH transmissions scheduled from ePDCCH. Since it is decided not to multiplex ePDCCH transmissions and PDSCH transmissions on the same PRBs, blocking will occur in some situations.  An example is if one user is scheduled for uplink using a different ePDCCH set containing PRB pairs for which another user is scheduled for downlink. The downlink user can then not be assigned the RBGs in that ePDCCH cluster since it does not know about the usage of the other sets in the cluster. Our analysis shows that this would result in a 10% resource loss for a 10 MHz system and 9% for a 20 MHz system. 

If possible it would then at this low load, where only two users are scheduled, be better to limit the distributed ePDCCH region, making the two users end up in the same set. Depending on ePDCCH configurations and search space design this is possible to control from the network. In situations with higher ePDCCH load, more resources will be needed by the ePDCCH resulting in a smaller loss. As an alternative a dynamic indication has been discussed to signal the PRBs used for ePDCCH, it is however not clear how many bits would be needed for such signaling and if the improved resource utilization can motivate the overhead. Since the blocking is limited and can be controlled by the scheduler we do not see the need for a dynamic signaling of used ePDCCH resources, i.e. am ePCFICH. 

Proposal: ePCFICH is not supported in Rel.11.  
It is proposed that the ePDCCH collisions are handled by the scheduler meaning that also PRBs that is configured with ePDCCH resources may be dynamically scheduled, i.e. included in the resource allocation for PDSCH. The UE may then reuse the resource mapping and TBS calculations from Rel.8, it assumes data to be sent on all PRBs in assigned RBGs (i.e. it offsets the actual number of used RB with the number of RB used for the DCI message). Following the agreement from Dresden PRBs carrying the downlink assignment are assumed to be punctured. In this way can the LTE peak rate be achieved when scheduling from ePDCCH.  
5. Conclusion

Based on the discussion in this contribution we propose the following:

Proposal: ePDCCH resources are allocated in terms of ePDCCH clusters each cluster consisting of n sets, where n is equal to the RBG size 

Proposal: ePDCCH set size is 4 PRB for systems with 25 PRBs or larger and 2 PRB otherwise
Proposal: A UE is configured with one or multiple ePDCCH clusters using UE-specific configuration.  

Proposal: ePCFICH is not supported in Rel.11.  
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