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1. Introduction

In this contribution we present our views and principles for the search space design of the ePDCCH. 
2. Discussion

In the PDCCH and R-PDCCH with interleaved mode the concept of aggregation of CCE and blind decoding of PDCCH candidates is well established. We see no major reasons not to adopt the same principles also for the ePDCCH and this will simplify standardization work and also minimize UE complexity. We therefore suggest that a CCE consists of 36 modulated symbols also for the ePDCCH and the blind decoding concept is adopted where both DL assignments and UL grants can be found anywhere in the search space.  Since both localized and distributed ePDCCH transmissions has been agreed to be supported there are still some differences compared to the legacy control.  Still, we need to begin with the basics and make this proposal:

Proposal 1: An ePDCCH consists of an aggregation of CCEs with 36 symbols each and blind decoding is performed to search for ePDCCH candidates.
A UE has a set of CCE available in which its search space is defined and each of these CCEs are mapped to the REs in the UE specifically configured PRB pairs that contain ePDCCH transmissions. UE specific configuration of the PRB pairs is required to enable frequency domain ICIC in the shared cell scenario (i.e. CoMP scenario 4). If two UE are configured the same sets of PRB pairs for ePDCCH transmission, then the CCEs available for these two UEs are perfectly overlapping and each CCE maps to the same resource elements for the two UEs.  

These PRB pairs are further divided into sets of resource elements denoted extended REGs (eREG) and each CCE in the search space is mapped to a pre-defined set of eREGs in the PRB pairs configured to the UE. The RE belonging to each eREG is fixed and given by the standard specifications, see [1] for more details. Hence, when the UE is demodulating an ePDCCH candidate in its search space consisting of one or more CCEs, it knows from standard specifications which physical resources elements are used and which antenna ports to use [2]. 

Proposal 2: Each CCE maps to a pre-defined set of physical resources element groups (eREGs) in the PRB pairs configured to the UE
The PRB pair may contain CRS, CSI-RS, PBCH, PSS and SSS and in this case are the eREG (and thus also the CCE) punctured by these channels and reference signals. Additionally, the ePDCCH start symbol may be configured to be different than OFDM symbol 0, and in this case are the REs in the eREGs punctured also in these first OFDM symbols. Since the eNB and the UE is aware of the presence of the puncturing, it can take it into account when performing ePDCCH link adaptation and demodulating the ePDCCH respectively. See also [1].

The support for localized and distributed ePDCCH transmission is handled by having different principles for aggregating CCEs. Localized transmission implies that CCEs within the same PRB pair are aggregated while distributed transmission implies that the ePDCCH candidate consist of CCE aggregated from multiple PRB pairs. 

A simple way to illustrate this is shown in Figure 1, where a UE has been configured 6 PRB pairs for ePDCCH transmission and each PRB pair contains 4 CCE. The CCE available in the search space for the UE can thus be illustrated by a 4x6 matrix and distributed transmission implies aggregation of CCE predominantly in the horizontal direction while localized transmission implies aggregation of CCEs in the vertical direction. To avoid spreading a distributed CCE over eight PRB pairs, two CCE from each PRB pairs can be used for AL=8. 

Each CCE is further divided into two eREG, where each eREG is when diversity/distributed transmission is configured associated with different AP to provide antenna diversity for each CCE, see [1]

 REF _Ref319665246 \r \h 
 \* MERGEFORMAT [2]. This gives diversity order of 16 in the case of AL=8. 

Proposal 3: Localized and distributed transmission are mapped to the same PRB pairs and handled by different aggregations of CCEs in the search space 
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Figure 1 Example of localized and distributed search spaces for ePDCCH
3. UE specific and common search space

There has been a discussion on the need to transmit the common search space (CSS) in the ePDCCH and our view is that this is necessary due to the following reasons:  In the HetNet scenarios, it is a problem to receive the PDCCH (and PCFICH/PHICH) in the cell range expansion zone, which lead to the introduction of almost blank subframes (ABS) in Rel.10 to protect the PDCCH. Using ABS comes at the cost of reduced spectrum efficiency since all radio resources can not be utilized but some are forced to be empty. This was then a motivation to introduce the enhanced control channels in Rel.11 to avoid these problems in HetNet scenarios by extending the use of frequency domain ICIC also to the control channels. It is therefore obvious that to solve the problem with control channel reception under heavy interference from macro, it must be possible to configure impacted UEs to monitor all its control signaling  in the ePDCCH. It must then also be ensured that there exists a fallback within the ePDCCH, to be able to perform CCH re-configuration for those UEs that only monitors the ePDCCH. 

In a HetNet scenario using the shared cell approach on the other hand, there is no issue with reception of PDCCH from the macro, especially if fast backhaul is possible in which case SFN transmission of the PDCCH can be used from all transmission points to further improve PDCCH performance, also for legacy UEs. In this case it is sufficient to monitor UE specific SS (USS) in the ePDCCH, which provides area splitting gains and frequency domain ICIC between different transmission points for the USS. The UE monitors in this case the CSS in the PDCCH and the USS in the ePDCCH. The PDCCH can be used for fallback operation for example during an ePDCCH reconfiguration.    

Another aspect why having an ePDCCH design with possibility of CSS in the ePDCCH is due to forward compatibility. For instance, the reception bandwidth may in the future become UE specific and in the case it is configured to be smaller than the system bandwidth it becomes impossible for such UE to receive the PDCCH. Also in this case it is obvious that the ePDCCH must contain all control signaling. In addition, having the possibility to move the CSS monitoring from PDCCH to ePDCCH for some UEs reduce potential capacity problems in the shared cell scenario for RAR msg 2 and DCI format 3/3A. 

In the case DCI is monitored on both PDCCH and ePDCCH, the number of different configurations should be minimized to reduce complexity, standardization effort and we should aim to keep the number of blind decoding unchanged. Due to these reasons, there should not be a split of CSS monitoring in both PDCCH and ePDCCH as this would limit the scheduling flexibility and a possible increase of the blocking probability. We therefore don’t see the need to make a further split of monitoring certain RNTI of the CSS in PDCCH and other RNTI in the ePDCCH or a split in different DCI formats monitoring between PDCCH and ePDCCH. Furthermore, we don’t see any use case of monitoring USS in PDCCH while monitoring CSS in ePDCCH so this case can be excluded.

Hence, we propose the following simple approaches on this issue:

Proposal 4: A UE configured with ePDCCH always monitors its UE specific search space there.

Proposal 5: A UE configured with ePDCCH can be further configured to monitor CSS in either PDCCH or ePDCCH. 

4. Conclusion

Based on the discussion in this contribution, we can summarize by listing these proposals for decision:
Proposal 1: An ePDCCH consists of an aggregation of CCEs with 36 symbols each and blind decoding is performed to search for ePDCCH candidates.
Proposal 2: Each CCE maps to a pre-defined set of physical resources element groups (eREGs) in the PRB pairs configured to the UE 

Proposal 3: Localized and distributed transmission are mapped to the same PRB pairs and handled by different aggregations of CCEs in the search space
Proposal 4: A UE configured with ePDCCH always monitors its UE specific search space there.
Proposal 5: A UE configured with ePDCCH can be further configured to monitor CSS in either PDCCH or ePDCCH. 
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