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1. Introduction

In RAN1 #66bis meeting, motivation and application scenarios for enhanced PDCCH (E-PDCCH) were discussed. A working assumption of introducing E-PDCCH in Rel-11 was made as the following [1]:
Working Assumption from RAN1#66bis, based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:
· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
In addition, in RAN1#67, following agreements on E-PDCCH were reached [2]:

· Agreement:
· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

· Working assumption:
· There are no cases where CRS is used for demodulation of the enhanced control channel.
In this contribution, we discuss the multiplexing schemes of different DCIs for E-PDCCH design.
2. Discussion 
2.1. Multiplexing schemes of different DCIs
To utilize the physical resources more efficiently, it is considered by many contributions to multiplex multiple DCIs in the same PRB pair with mainly two approaches, i.e. TDM-based approach and FDM-based approach, as shown in Figure 1.
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Figure 1: E-PDCCH multiplexing schemes
For the TDM-based approach, it is similar to non-interleaved R-PDCCH defined in Rel-10 which is PRB-based multiplexing. However, in E-PDCCH design, it is not desirable to split the search spaces for DL and UL grants by slot boundary, due to the reasons analyzed in [3]. In addition, the following issues are identified for the TDM-based approach:
· The number of available REs is uneven for the 1st and 2nd slots, leading to different coding rates for DCIs transmitted in the two slots. The problem can be more severe when 3 OFDM symbols are used for legacy PDCCH and CSI-RS is configured in the 1st slot.
· With a DCI transmitted in either the 1st or the 2nd slot, a much larger CCE size exists for E-PDCCH compared to legacy PDCCH, especially in the 2nd slot. Therefore the E-PDCCH multiplexing capacity is limited.
For the FDM-based approach, DCIs are mapped onto E-CCEs. Each E-CCE consists of frequency contiguous subcarriers within a PRB pair, i.e. sub-PRB pair. In this manner, the number of REs for different E-CCEs within a PRB pair is almost the same and can be comparable to the CCE size of legacy PDCCH.  

Proposal 1: FDM-based approach shall be used for multiplexing different DCIs within one PRB pair.
2.2. E-CCE size determination
E-CCE size is an important aspect in the E-PDCCH design, which impacts the E-PDCCH capacity, search space design and link level performance. In a sub-RB based design, an E-CCE is mapped onto a number of contiguous subcarriers within a PRB pair. E-CCE size is defined as the number of occupied subcarriers, which is to be determined. Given a certain E-CCE size, different system configurations will impact the number of available REs for E-PDCCH transmission, such as the number of OFDM symbols used for legacy PDCCH, the number of CRS, DM-RS and CSI-RS ports configured in the cell. In this section, we give analysis on the suitable E-CCE size with different system configurations.
Assumptions for E-CCE size calculation:

· Number of subcarriers in one E-CCE: 3, 4, or 6
· System overhead assumptions:
· Number of OFDM symbols used for legacy PDCCH: 0, 1, 2,or 3

· CRS: 2 antenna ports with 16 REs/PRB pair

· DMRS: 4 antenna ports  with 24 REs/PRB pair

· CSI-RS: 8 antenna ports with 8 REs/PRB pair
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Figure 2: E-CCE size 
Figure 2 shows the occupied REs in E-CCE with 3, 4, and 6 subcarriers. The E-CCE size is calculated in four cases:

· Case 1:  additional carrier type without CRS antenna ports and legacy PDCCH region

· Case 2:  backward compatible carrier with 1 OFDM symbol used for legacy PDCCH

· Case 3:  backward compatible carrier with 2 OFDM symbol used for legacy PDCCH

· Case 4:  backward compatible carrier with 3 OFDM symbol used for legacy PDCCH

Table 1: E-CCE size in different system configuration
	Calculation cases
	Sub-carriers in one E-CCE

	
	3 subcarriers
	4 subcarriers
	6 subcarriers

	Case 1: 0 OFDM symbol (without CRS)
	32
	44
	68

	Case 2:  1 OFDM symbol(with CRS)
	26
	37
	56

	Case 3: 2 OFDM symbol(with CRS)
	23
	33
	50

	Case 4:  3 OFDM symbol(with CRS)
	20
	29
	44


The E-CCE size of above four cases is shown in Table 1. The results indicate that the available REs for E-PDCCH transmission vary significantly in different system configurations for a certain E-CCE size. 
For example when one E-CCE consists of 3 subcarriers, the available number of REs for E-PDCCH transmission when no legacy PDCCH is transmitted is 32, which is a suitable value. However, in case of 3 OFDM symbols for legacy PDCCH, the available number of REs for E-PDCCH is only 20, which is too small to carry any DCI format.
When one E-CCE consist of 4 subcarriers, on backward compatible carrier the number of available REs in each E-CCE varies from 29 to 37, which is suitable for E-PDCCH transmission. However, in additional carrier type the number of REs is 44, which is more than the legacy PDCCH CCE size of 36 REs.
In case of 6 subcarriers, the number of REs in one E-CCE varies from 44 to 68, which is more than the legacy PDCCH CCE size and can potentially reduce the E-PDCCH multiplexing capacity.
Based on the above calculation and analysis, an E-CCE consisting of 3 or 4 contiguous subcarriers within a PRB pair can be considered. Furthermore, since the number of available REs varies significantly due to the system configuration, a variable E-CCE size may be considered. For example, in additional carrier types an E-CCE may consist 3 subcarriers while in backward compatible carriers an E-CCE may consists 4 subcarriers.

Proposal 2: An E-CCE can be constructed by 3 or 4 contiguous subcarriers and the E-CCE size can be determined based on system configuration.
2.3. Resource Mapping for E-PDCCH

According to RAN1 agreements, both localized and distributed transmission of E-PDCCH shall be supported. We propose that a UE should be configured with more than one E-PDCCH clusters, each of which is constructed by one or several contiguous RBs. Different clusters locate in a distributed manner in frequency domain. 
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Figure 3: E-PDCCH resource mapping
In case of localized transmission, one DCI is mapped within one E-PDCCH cluster, by which beamforming and frequency selective scheduling gain can be obtained with accuracy CSI feedback. In case of distributed transmission, one DCI is distributed to multiple E-PDCCH clusters to obtain frequency diversity gain.
Proposal 3: Cluster based E-PDCCH resource configuration can be applied.
Proposal 4: One DCI in localized transmission shall be mapped onto one E-PDCCH cluster, while one DCI in distributed transmission shall be mapped across multiple E-PDCCH clusters.
2.4. DMRS ports for E-PDCCH demodulation
It has been agreed that DMRS ports 7-10 can be used for E-PDCCH demodulation. The DMRS ports used for a UE for E-PDCCH demodulation in UE specific search space shall be configurable by the eNB to enable E-PDCCH multiplexing and MU-MIMO transmission within a PRB pair. To simplify the channel estimation implementation during E-PDCCH blind detection, the DMRS ports shall be explicitly configured by the eNB on a UE basis, other than implicitly derived by the occupied E-PDCCH resource. In addition, considering the need for E-PDCCH common search space [3][4], the DMRS ports for common search space demodulation shall be  configured in a cell-specific manner, since the transmission of common E-PDCCH is for all UEs. Therefore, we have the following proposals:

Proposal 5: DMRS antenna port for E-PDCCH in UE-SS shall be explicitly configured for each UE.

Proposal 6: DMRS antenna port for E-PDCCH in CSS shall be informed to all UEs in a cell-specific manner.
3. Conclusions

Based on the discussions in this contribution, we have the following proposals regarding the E-PDCCH multiplexing design.

Proposal 1: FDM-based approach shall be used for multiplexing different DCIs within one PRB pair.

Proposal 2: An E-CCE can be constructed by 3 or 4 contiguous subcarriers and the E-CCE size can be determined based on system configuration.

Proposal 3: Cluster based E-PDCCH resource configuration can be applied.
Proposal 4: One DCI in localized transmission shall be mapped onto one E-PDCCH cluster, while one DCI in distributed transmission shall be mapped across multiple E-PDCCH clusters.

Proposal 5: DMRS antenna port for E-PDCCH in UE-SS shall be explicitly configured for each UE.

Proposal 6: DMRS antenna port for E-PDCCH in CSS shall be informed to all UEs in a cell-specific manner.
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