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1 Introduction

Localized operation of enhanced control channels (eCCHs) is considered for enhancing the spectral efficiency of eCCHs through the use of frequency domain scheduling (FDS) and/or beamforming. In practice, the use of localized eCCHs will be limited by several factors [1] but it may nevertheless be possible in some limited deployments. 
If a network can ensure relatively stable interference across subframes in each single PRB pair used for localized eCCHs and if the sub-band CSI feedback mode from some respective UEs is appropriate (e.g. it includes sub-band CQI) and also provides an accurate representation of the CSI in a single PRB pair within a sub-band, the use of localized eCCHs may be robust enough to achieve the desired operational reliability in practice. Therefore, low mobility UEs that provide frequent and accurate sub-band CSI feedback with an appropriate mode in channels that do not exhibit frequency selectivity within a sub-band may be scheduled by localized ePDCCHs (when the CSI feedback indicates favorable conditions in at least one PRB pair) in networks ensuring minimal interference variability in each respective single PRB pair.
This contribution considers the localized operation of eCCHs. A companion contribution [1] considers the distributed operation of eCCHs. 
2 Search Space Design of Localized eCCHs 
Localized eCCHs are confined to be only ePDCCHs as other potential eCCHs (ePHICH, ePCFICH) are better supported by distributed transmission.
Figure 1 shows the configuration of PRB pairs for localized ePDCCHs and the eCCEs within these PRB pairs.
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Figure 1: PRB Pairs Configured for Localized ePDCCHs – each PRB pair consists of 4 eCCEs. 
A localized ePDCCH consists of eCCEs in order to support ePDCCHs with different eCCE aggregation levels (different coding rates and/or different DCI payload sizes). The eCCE aggregation levels for localized ePDCCH are 1, 2, and 4 eCCEs (FFS whether 8 eCCEs need to be supported as localized ePDCCHs are expected to be associated with high SINRs as a result of FDS/beamforming). 
The eCCE for a localized ePDCCH is separately defined than the eCCE for a distributed ePDCCH as the two eCCE types may have different sizes. The former eCCE may have variable size as depending on the number of subframe symbols available for ePDCCHs, the number of CRS ports, the existence of CSI-RS and the associated number of ports, and other variables (such as a special subframe in TDD, normal or extended CP, etc.), the number of REs available in a PRB pair for localized ePDCCH can significantly vary (by as much as about 50%). The latter eCCE always has a fixed size (e.g. 36 REs as for the legacy CCE) [1]. Therefore, the simple and efficient link adaptation can be maintained for distributed ePDCCHs while link adaptation for localized ePDCCHs is already more involved and its complexity is not significantly affected by also considering the eCCE size in addition to the different CQI/PMI in the different PRB pairs.  

Considering the range in the number of REs per PRB pair per subframe, four eCCEs can be generally supported for localized ePDCCH per PRB pair. Although four eCCEs per PRB pair may lead to very small eCCE size in some operating scenarios, such as for extended CP or in special subframes, this can be addressed by the network configuring the number of ePDCCH candidates per eCCE aggregation level. Alternatively, the number of eCCEs in addition to the size of eCCEs may vary but this increases the overall design complexity.
A localized ePDCCH is located within a single PRB pair in order to enable FDS and/or beamforming and minimize resource fragmentation. Moreover, in order to optimize performance and resource utilization and minimize the specification impact [2], localized ePDCCHs are located in different PRB pairs than distributed ePDCCHs. Further, there is no need to multiplex other eCCHs (ePHICH, ePCFICH) in PRB pairs for localized ePDCCHs. Therefore, there is no need to define eREGs for localized ePDCCHs. 

Observation 1: The minimum resource granularity for a localized ePDCCH is one eCCE. 
Once the eCCEs and the associated aggregation levels for localized ePDCCHs are defined, the search space design can follow. The association of an eCCE with a DMRS AP is discussed in [3] and, due to the implicit determination of the DMRS AP from the time-frequency locations of the REs used by the corresponding DCI, the DMRS AP can be viewed as part of the search space. It is noted that with separate PRBs among distributed and localized ePDCCHs, 4 eCCEs per PRB pair for localized ePDCCH, and with 4 DMRS APs per PRB pair, there are no restrictions in supporting aggregation level of 1 eCCE or MU-MIMO for localized ePDCCHs, blocking probability is reduced, and DMRS AP allocation is simple.
As localized ePDCCHs target FDS and/or beamforming, the search space design should maximize the probability for selecting a PRB pair where FDS and/or beamforming can maximize the spectral efficiency (SINR) of the localized ePDCCH transmission. Assuming that a UE is configured 
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1) The PRB pairs containing the ePDCCH candidates are first determined
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 ePDCCH candidates for eCCE aggregation level 
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 PRB pairs. The pseudo-random function is FFS but the hashing function used for the UE dedicated search space of legacy PDCCH can serve as baseline. 
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 PRB pairs using the same pseudo-random function as above.
2) The location within each PRB pair of the ePDCCH candidates is then determined. The hashing function used for the UE dedicated search space of legacy PDCCH can again serve as baseline. It FFS how to incorporate the DMRS APs depending on the decision for the relation between DMRS APs and eCCEs or ePDCCH candidates – e.g [3]). 
Figure 2 shows an allocation of localized ePDCCH candidates in the configured PRB pairs.

In Figure 2, a UE configured with 4 PRB pairs for localized ePDCCHs and with 6 ePDCCH candidates for eCCE aggregation level 1 and with 3 ePDCCH candidates for eCCE aggregation level 2. For eCCE aggregation level 1, each PRB pair is allocated 1 ePDCCH candidate and the remaining 2 ePDCCH candidates are allocated to PRB pair 2 and PRB pair 4 according to a pseudo-random hashing function (e.g. the legacy hashing function). 
For eCCE aggregation level 2, as there are more configured PRB pairs than ePDCCH candidates, each PRB pair contains either 0 or 1 ePDCCH candidate. The PRB pairs containing 1 ePDCCH candidate are PRB 1 and PRB 2 and they are determined using the same pseudo-random hashing function. 
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Figure 2: Allocation of ePDCCH Candidates for 2 eCCE Aggregation Levels in the Configured PRB Pairs. 
It is noted that it is possible to further optimize the allocation of ePDCCH candidates to PRB pairs by imposing additional conditions such as for example that a PRB pair should contain an (almost) equal number of ePDCCH candidates for all eCCE aggregation levels. For example, in Figure 2, 1 of the 2 ePDCCH candidates for eCCE aggregation level 1 in PRB 2 or PRB 4 could be allocated to PRB 3. However, such additional conditions and optimizations will only complicate the search space design while being unlikely to provide a meaningful benefit. 

3 Other Design Aspects 
Additional design aspects for the operation of localized ePDCCHs include the determination of the number of ePDCCH candidates per eCCE aggregation level and the determination of the available OFDM symbols. These aspects are also applicable for the operation of distributed ePDCCHs.

Unlike the legacy PDCCH operation, the number of ePDCCH candidates per eCCE aggregation level should be configurable by the network. This can provide flexibility in supporting fallback for localized ePDCCH transmission either using legacy PDCCH (at least the CSS of the legacy PDCCH) or using distributed ePDCCHs [4] and in adjusting the number of candidates per eCCE aggregation level to the DCI format size. 

For example, DCI format 1A is highly likely to be supported with an aggregation level of 1 eCCE while this is highly unlikely for DCI format 2C. The blocking probability and the resource utilization efficiency can be substantially improved by avoiding wasting ePDCCH candidates for eCCE aggregation levels that are not usable. Therefore, the network may choose to configure a large number of ePDCCH candidates for aggregation level of 1 eCCE for decoding DCI format 1A while it may choose to not configure any ePDCCH candidates for aggregation level of 1 eCCE for decoding DCI format 2C. Similar, the network may choose to configure a larger number of ePDCCH candidates for aggregation level of 1 eCCE for a UE with high (long-term) wideband SINR while it may choose to configure a smaller number of ePDCCH candidates for aggregation level of 1 eCCE for a UE with low wideband SINR.
Observation 2: Fallback operation, blocking probability, and resource utilization can be improved by configuration, instead of using fixed values, of the number of ePDCCH candidates per eCCE aggregation level.
One of the primary objectives of the ePDCCH design has been agreed to be the optimization of the associated spectral efficiency. Regarding the subframe symbols used for ePDCCH transmissions, this objective simply means that all subframe symbols available for ePDCCH transmissions should be used. For example, if the starting subframe symbol for ePDCCH reception is configured to be the fourth one, there is an 8.3% (1/12) or 15.4% (2/13) loss in spectral efficiency when the size of the legacy DL control region is 2 or 1 symbols, respectively. Obviously, such loss is unacceptable especially since there is no technical reason for it. 

When UEs are scheduled common control information (or fallback) by detecting PDCCH in the legacy CSS, they can also detect the PCFICH. Otherwise, such as for example in het-nets, the starting subframe symbol for the ePDCCH transmission can be configured similar to the starting subframe symbol for PDSCH transmission. It is noted that as the PCFICH transmission targets 1% BLER at the 5% geometry CDF, the vast majority of UEs detect the PCFICH with BLER well below 0.1% and therefore detecting both PCFICH and ePDCCH has no meaningful impact on scheduling by ePDCCH (in fact, it is practically the same as detecting both PCFICH and PDCCH for the legacy operation). Therefore, there is no need to define different behaviors for a UE to determine the starting subframe symbol for PDSCH and ePDCCH reception.
Observation 3: The Rel-10 mechanisms for a UE to determine the starting subframe symbol for PDSCH reception are also applicable for a UE to determine the starting subframe symbol for ePDCCH reception.

4 Conclusions

This contribution considered the basic framework for the localized operation of eCCHs. A search space design was considered in order to fulfill the objectives of maximizing FDS and/or beamforming opportunities for localized ePDCCHs. In particular, the following are proposed:

Proposal 1: The search space for localized ePDCCHs shall be determined as in steps 1 and 2 of section 2.

Proposal 2: The Rel-10 mechanisms used by a UE to determine the starting subframe symbol for PDSCH reception shall be used for a UE to determine the starting subframe symbol for ePDCCH reception.
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