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1 Introduction

Similar to legacy PDCCH, the E-PDCCH should support multiple aggregation levels with multiple units of enhanced control channel elements (E-CCEs) for channel condition adaptation. The distributed (interleaved) and localized (non-interleaved) transmission modes can be defined in terms of E-CCE resources:

Distributed Mode: an E-CCE contains multiple REs across multiple allocated E-CCH VRBs

Localized Mode: an E-CCE contains multiple REs within one allocated E-CCH VRB

For the distributed mode, diversity transmission schemes are preferred to better exploit frequency/interference diversity. For the localized mode, precoder based transmission schemes and frequency domain scheduling are preferred for beamforming and SINR gains.

This contribution discusses the multiplexing of enhanced control channels (E-CCHs) in the allocated E-CCH VRBs for distributed and for localized transmissions with the assumption of PRB-pair-level FDM with PDSCH. The details of multiplexing modes with PDSCH are discussed in a companion contribution [1]. 
2 Distributed E-CCHs
The VRBs for distributed E-CCHs can be semi-statically and/or dynamically indicated to a UE. The REs of an E-CCE are distributed in all allocated VRBs and each VRB contains parts of multiple E-CCEs. In the distributed mode, the resources of an E-CCE are spread in the virtual bandwidth for an E-CCH transmission to exploit frequency/interference diversity. Transmit diversity schemes should be supported for the E-CCH distributed mode and candidate schemes include:
· SFBC/FSTD: same as for the legacy PDSCH/PDCCH transmission modes.
· Precoding Cycling (P.C.): the precoder for E-CCH changes from symbol to symbol according to a predefined pattern.

 The specification of the SFBC/FSTD transmission mode requires an even number of REs in an OFDM symbol per RB [2] and a SFBC/FSTD RE pair shall not be separated by more than one RS RE; otherwise, the whole symbol in the RB cannot be utilized for SFBC/FSTD transmission. This resource mapping rule applies to both PDCCH and PDSCH, and may still apply to an E-CCH for simplicity and consistency. Considering that the transmission of E-CCHs is based on DMRS, it is highly likely that the symbols carrying DMRS and/or CSI-RS will be unutilized for E-CCH transmission according to the SFBC/FSTD resource mapping rule. 
Fig.1 (a) illustrates an exemplary RE mapping of an E-CCH for SFBC/FSTD transmission assuming the legacy DMRS pattern for reference purposes. OFDM symbols #5, #6, #12, and #13 cannot be used for E-CCH transmission due to the odd number of available REs. If more CSI-RS are configured in other OFDM symbols, it is expected that more resources will not be utilized for an E-CCH transmission.
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Fig. 1 E-CCH resource mapping for distributed mode

On the other hand, P.C. achieves diversity gain by switching precoder among symbols. Unlike SFBC/FSTD, there is no RE-paring requirement for resource mapping. The resource mapping for P.C. is very flexible regardless of the number of RS REs in an OFDM symbol of a RB. Given that the allocation of CSI-RS may vary according to different antenna and subframe configurations, it is preferred to have the granularity of E-CCH resource allocation as small as one RE. The size of one E-CCE can be 36 REs as for a legacy CCE. When mapping E-CCHs to the actual resources, permutation can be performed according to the sub-block interleaver in Section 5.1.4.2.1 of [2] by replacing the ‘bits’ as ‘E-CCH symbols’. The permuted E-CCH symbols are then mapped to the allocated VRBs following the same rule as for the PDSCH resource mapping. With the help of symbol-wise permutation, the REs of an E-CCE will be spread onto all the VRBs. Fig.1 (b) illustrates an exemplary RE mapping of an E-CCH for P.C. with E-CCH symbol interleaving.
Proposal 1: Support precoder cycling for distributed transmissions of E-CCHs.
3 Localized E-CCHs
For localized E-CCHs, the REs of an E-CCH are refined within one RB. Since the number of available REs varies from subframe to subframe depending on the DMRS and CSI-RS configuration, the number of REs for an E-CCE in the localized mode cannot be fixed as a constant. Instead, the size of E-CCH should change accordingly to fit within a RB.
At least one/two DMRS ports should be configured in an E-CCH RB. Depending on CRS/DMRS/CSI-RS configuration, the available REs in a RB may vary from around 132 REs to 84 REs, which equivalent to 3.67 to 2.33 the legacy CCE size. In terms of having a similar resource size as a legacy CCE, multiplexing 3 E-CCEs in one PRB seems to be a balanced choice. However, since an E-PDCCH will have 1/2/4/8 E-CCEs for different aggregation levels (assuming that the tree-based structure is maintained to avoid complicating the search space design), having 3 E-CCEs per PRB will result in an E-PDCCH occupying two partial RBs. This will complicate E-PDCCH/PDSCH scheduling and may lead to resource fragmentation. Defining 2 E-CCEs per RB will make the size of E-CCEs much larger than legacy CCEs on average. Considering that UEs with localized E-PDCCH transmission have good SINR in the respective PRB, this will result to unnecessary overhead and reduced spectral efficiency. If 4 E-CCEs are defined in a RB, the average size of the E-CCE will be smaller than that of the legacy CCEs. Some large-sized DCI formats may not be able to fit in such an E-CCE for some configurations. For example, DCI format 2C with 58 bits cannot be transmitted with aggregation level one E-CCE if the E-CCE size is less than 29 REs. However, 1/4-RB E-CCEs can still work for small-sized DCI formats such as DCI format 0/1A…. Moreover, 1/4-RB E-CCE makes it possible to multiplex up to 4 UEs in a RB and fully utilize the four DMRS ports 7~10. Additionally, even for an E-CCE size of 36 REs, large-sized DCI formats will typically not be able to be transmitted with a single E-CCE. Based on the analysis above, we propose to define 4 E-CCEs inside one PRB for localized E-PDCCH transmission.
Proposal 2: Allow multiplexing of up to 4 E-PDCCHs in one PRB-pair for the localized mode.

The resource mapping design for localized E-CCE should take the following criteria into account: 
a) The size of the four E-CCEs should be as similar as possible regardless of the various RS configurations;
b) For the legacy DMRS structure/configuration which is uniformly distributed in both the frequency and time domains, all four E-CCEs in a PRB-pair should use the assigned DMRS port resources for channel estimation. The E-CCEs should be distributed as uniformly as possible in both the frequency and time domains. If the DMRS structure used for E-PDCCH is not the legacy one, the E-CCE distribution is FFS.
c) The available E-CCH RE pattern depends on the configuration of the subframe type, the number of DMRS ports, the CSI-RS patterns, the legacy PDCCH size, etc. It is preferred to have a simple yet effective mapping rule for all possible configurations.
Fig. 2 illustrates two candidates for localized E-CCE construction assuming the legacy DMRS pattern for reference purposes. In Fig. 2 (a), 3 distributed REs in a PRB-pair are aggregated to form one E-CCE, e.g., E-CCE #0 contains REs #0, #4 and #8, E-CCE #1 contains REs #1, #5 and #9, etc. In Fig. 2(b), a more complex rule is applied where the E-CCEs are mapped onto the resources using a subblock interleaver. The E-CCEs in Fig. 2(b) are more uniformly distributed, however, the resource mapping becomes more complex and both the eNB and the UE need to generate E-CCEs mapping patterns for each subframe configuration. On the other hand, the rule in Fig. 2(a) is much simpler and the E-CCE pattern is generated with a fixed pattern masked by the PDCCH and RS patterns. Both uniformity and simplicity should be considered when designing E-CCE structure for localized mode.
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Fig. 2 E-CCH resource mapping for localized mode

Proposal 3: Both uniformity and simplicity should be considered when designing E-CCE structure for localized mode.
4 Conclusions

This contribution compares different rules of resource mapping for E-CCHs for both the distributed and localized modes. Based on the analysis, the following are proposed:
· Support precoder cycling for distributed transmissions of E-CCHs.

· Allow multiplexing of up to 4 E-PDCCHs in one PRB-pair for the localized mode.
· Both uniformity and simplicity should be considered when designing E-CCE structure for localized mode.
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