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1. Introduction
In this contribution, we discuss about the multiplexing of DCI messages with different transmission modes. 
Several considerations on the DCI multiplexing for the beamforming and transmission diversity modes in the E-PDCCH CCE (E-CCE) and RB level are remarked.
2. Discussions
For the multiplexing of DCI messages of legacy PDCCH, the CCEs which consist of each DCI message are multiplexed all over the frequency band in the REG-level interleaving [1]. On the other hand, DCI messages of E-PDCCH are allocated on the PDSCH region and the multiplexing of the DCI messages is basically considered in the PRB-pair level. RB resources for E-PDCCH consist of E-CCEs which are multiplexed in an intra-PRB or inter-PRB manner. Firstly, we review the concept of E-CCE and discuss about the multiplexing issues. Then, we consider about the DCI multiplexing techniques which are appropriate for beamforming or transmission diversity mode. 
2.1 E-CCE concept and multiplexing 
The number of REs available for E-PDCCH resource in a PRB-pair is determined according to the given subframe configuration. When the size of each E-CCE is fixed, a number of REs might be discarded without being used in a PRB-pair. Therefore, it would be better to adapt the E-CCE size considering the available REs for E-PDCCH and we introduced the scheme of variable size E-CCE [2]. The PRB pair is divided into maximum 4 E-CCEs according to the agreement that antenna ports 7, 8, 9, 10 can be used for E-PDCCH. The number of E-CCEs contained in a single PRB pair can be reduced depending on the subframe configuration such as the number of CRS REs, CSI-RS REs or special subframe configurations, and so on.

When E-CCEs are allocated into RBs, one E-CCE can be mapped to only one RB (localized E-CCE) or can be demultiplexed into multiple RBs by splitting the E-CCE into several smaller-size fragments(distributed E-CCE). Localized E-CCE can be used for frequency selective scheduling and/or beamforming dedicated to a certain E-CCE while the distributed E-CCE is beneficial in achieving frequency diversity gain, e.g., by applying a cross-PRB interleaving similarly to PDCCH.
Localized E-CCE can be used for both localized DCI transmission as well as distributed DCI transmission by a proper setting of E-CCE locations which is determined during the E-PDCCH search space configuration. Localized DCI transmission can be done by using one localized E-CCE or aggregating multiple localized E-CCEs that are within the same PRB pair or located in adjacent PRB pairs. Distributed DCI transmission can be done by aggregating multiple localized E-CCEs that are located in well-separated PRB pairs.

On other hand, the distributed E-CCE is appropriate for the distributed DCI transmissions and has the advantage that frequency distributed transmission becomes possible even for a DCI transmission with a single E-CCE.
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Figure 1. Concept of Localized E-CCE and Distributed E-CCE

Proposal1: Two types of E-CCE is defined. One is the localized E-CCE which consists of REs from a single PRB pair. Another one is the distributed E-CCE which consists of REs from multiple PRB pairs.

Proposal2: The size of E-CCE and the number of E-CCEs in a PRB pair should be variable according to the to the subframe configuration.
2.2 Localized E-CCE
As mentioned above, localized E-CCE fits the beamforming mode discussed in [3]. For the beamforming mode, the PRB-pair should be partitioned into no more than 4 subsets considering the antenna port mapping of the DM-RS port. It is preferable to use variable size E-CCE in comparison with the fixed size E-CCE where the number of subsets might be larger than four when used in conjunction with the distributed E-CCE irrespective of the antenna port mapping.

Localized DCI transmission (of E-CCEs) and the localized E-CCE are appropriate in combination with the variable size E-CCE. However, when the beamforming uses wideband CSI and the aggregation level is high (at least 2), distributed DCI transmission of E-CCE can be also used.
When the localized E-CCE is applied, intra-PRB interleaving is preferred to separate the fragments of each E-CCE uniformly over each a PRB-pair as illustrated in Figure 2. This intra-PRB interleaving can improve the channel estimation performance by fully using the DM-RS rather than to partition the PRB-pair only in a FDM or TDM manner. On E-CCE to RE resource mapping, the configurability for ICI handling should be also considered (for both beamforming and transmission diversity mode). When the interference coordination across the TPs is slow, the coordination method can be regarded as semi-static. Therefore, different E-CCE to RE randomization rule can be applied such that the set REs of an E-CCE in a TP does not appear as another set of REs of an E-CCE in a neighboring TP. In this case, not using an E-CCE in a TP can be seen as a uniform reduction of inter-TP interference for all the E-CCEs defined in the PRB pair. On the other hand, if the fast coordination such as CoMP operation is possible through the backhaul network, it is desirable to apply the same RE randomization rule for the coordinating TPs so that joint transmission or dynamic muting of each E-CCE is applicable.
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Figure 2. E-CCE interleaving: (a) FDD, TDM (or its combination) (b) intra PRB interleaving
· Proposal3: Intra-PRB interleaving is applied to the localized E-CCE for better channel estimation. The interleaving pattern should be configurable by the network in consideration of the applied intercell interference coordination method.
2.3 Distributed E-CCE
As the motivation of the distributed E-CCE is to achieve higher diversity gain, it is suitable to apply the transmit diversity mode discussed in [3] to the distributed E-CCE. When the aggregation level is low (e.g. 1 or 2), the distributed E-CCE can be used and one E-CCE is split into some fragments and allocated into multiple RBs.

For the distributed E-CCE case, there is no problem in dividing each PRB-pair into more than 4 subsets as it is expected to use shared RS for the distributed E-CCEs. The detailed shape of the fragments constituting the distributed E-CCE (e.g., RE mapping rule, intra-PRB interleaving, etc) should be studied in consideration of the design of E-PDCCH transmit diversity mode. For example, if SFBC is adopted for the transmit diversity mode, 2 or 4 consecutive REs should be used for the construction of a single fragment. On the other hand, precoder cycling is expected to have more freedom in designing the structure of distributed E-CCE.

One issue in the distributed E-CCE is whether to consider the beamforming mode as an effective use case. As mentioned above, one distributed E-CCE is divided into multiple fragments, and as a result, one PRB pair may contain more than 4 fragments each of which comes from different E-CCEs. Thus, it is difficult to apply beamforming dedicated to each fragment due to the limitation in the supported DM RS ports. So, it is preferred not to consider applying beamforming for the distributed E-CCE.

· Proposal4: Distributed E-CCE targets the transmit diversity mode and its detailed design should consider the applied transmit diversity mode.
2.4 PRB set
Different E-CCE types (i.e., localized or distributed) are will aligned with different E-PDCCH transmission mode (i.e., beamforming or transmit diversity). So, it is expected that the property (such as RE mapping rule, intra-PRB interleaving, used DM RS port, etc.) of one E-CCE type is quite different from that of the other type. If we intend to allocate the resources for two types in one PRB-pair, some problems in the aspects of DM-RS port allocation or PRB-pair resource allocation will be occurred. Therefore the RBs used for localized E-CCE and distributed E-CCE need to be separated for the simplicity of specification. This separation also enables more optimized operation for each E-CCE type.
3. Conclusion

In this contribution, we discussed on the multiplexing mode for both beamforming and transmission diversity mode. From the discussion, we can conclude as follows:
Proposals: 
· Proposal1: Two types of E-CCE is defined. One is the localized E-CCE which consists of REs from a single PRB pair. Another one is the distributed E-CCE which consists of REs from multiple PRB pairs.

· Proposal2: The size of E-CCE and the number of E-CCEs in a PRB pair should be variable according to the to the subframe configuration.
· Proposal3: Intra-PRB interleaving is applied to the localized E-CCE for better channel estimation. The interleaving pattern should be configurable by the network in consideration of the applied intercell interference coordination method.

·  Proposal4: Distributed E-CCE targets the transmit diversity mode and its detailed design should consider the applied transmit diversity mode.

Table 1 summarizes several target operation scenarios in conjunction with E-CCE type, transmission mode, and E-CCE aggregation method.

Table 1. Summary of multiplexing of different DCI messages

	E-CCE type
	Transmission
mode
	DCI transmissions

	Localized E-CCE
	Beamforming
	· Localized DCI transmission: One E-CCE or aggregation of multiple E-CCEs in a PRB pair or in adjacent PRB pairs

· Distributed DCI transmission: Aggregation of multiple E-CCEs in separated PRB pairs

	Distributed E-CCE
	Transmission
Diversity
	Distributed DCI transmissions
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