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1
Introduction
In RAN1 #66bis, it was agreed to introduce enhanced physical control channels and some design guidelines were also captured as working assumptions in RAN1 Chairman’s [1] note as follows:

Based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:

Working Assumption:

· 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 order to meet the design goals of enhanced physical control channels such as increased control channel capacity, frequency-domain ICIC, and improved spatial reuse of control channel resources, the multiplexing of enhanced physical control channels should be carefully designed. 

In this contribution, we investigate on the multiplexing of enhanced physical control channel especially for enhanced PDCCH (E-PDCCH). 

2
E-PDCCH Multiplexing
E-PDCCH multiplexing with PDSCH

Even though E-PDCCH is transmitted in the PDSCH region, it should be still possible to a schedule legacy UE in the same subframe without any performance impact which implies that FDM based E-PDCCH resource allocation should be considered in order not to overlap with legacy PDSCH resources. Note that legacy UEs may not know the existence of E-PDCCH consequently a significant performance degradation is expected if there is a resource overlap between E-PDCCH and legacy PDSCH. If the E-PDCCH resource is defined as a subset of the PRBs in the subframe, the eNB scheduler may avoid the potential for collisions. A FDM based E-PDCCH resource reservation may also provide frequency domain ICIC if multiple cells coordinate to avoid E-PDCCH collisions in a synchronized network, and the interference can be significantly reduced if cells are lightly loaded.
Proposal 1: E-PDCCH resource should be defined in FDM manner, and a subset of PRBs may be reserved for E-PDCCH. 

Two E-PDCCH transmission modes: a frequency selective mode, and frequency diversity mode, can be defined. Using this arrangement the eNB may configure, and select, a proper transmission mode according to the channel condition of interest. In general, if the CSI is available for the UE at the eNB scheduler,  the frequency selective mode can be used to exploit both scheduling gain, and beamforming gain. In addition, the frequency diversity mode can be considered as an open-loop E-PDCCH transmission mode such that diversity gains can be obtained if CSI is not available due to either high mobility, and/or the absence of CSI feedback. As the E-PDCCH is required to keep the legacy PDCCH coverage at least the same, and UE channel conditions can be different in a cell, supporting both the frequency selective and diversity modes in a same subframe would be preferred for better overall performance of E-PDCCH in Rel-11. 
Also, it seems to be appropriate to use distributed multiple PRBs, rather than to use contiguous multiple PRBs for the subset selection of PRBs for E-PDCCH transmission in a subframe. Distributed PRB reservation for E-PDCCH transmission also allows for frequency selective scheduling for PDSCH transmissions.
Proposal 2: A subset of PRBs may be reserved for E-PDCCH in a distributed manner within system bandwidth.
If all E-PDCCH resources are not used in a specific subframe, and a subset of PRBs are reserved for E-PDCCH in semi-static manner, it is possible to reuse the E-PDCCH resources for PDSCH transmissions in order to avoid a waste of downlink resources. To improve PDSCH resource utilization the E-PDCCH resource can be scheduled for Rel-11 PDSCH transmission in dynamic manner. Doing so would allow un-used E-PDCCH resources to be used for legacy and/or Rel-11 UEs.

Proposal 3: Unused but reserved resources for E-PDCCH should be available for transmission of PDSCH
Multiple E-PDCCH multiplexing 
The E-PDCCH should be multiplexed at least in a FDM manner within given reserved resources for E-PDCCH to allow for frequency domain ICIC. An additional multiplexing method may also be considered to increase the control channel capacity, and/or minimize the UE receiver implementation complexity. For instance we note the following benefits, 1) using FDM/SDM increases the capacity of E-PDCCH when multiple E-PDCCHs are transmitted within the same time and frequency resources, 2) FDM/TDM multiplexing allows more processing time for PDSCH reception, and A/N feedback signal generation at a UE receiver by transmitting the DL grant related DCI within first N OFDM symbols in the PDSCH region as was used for R-PDCCH. 
Since a CCE size is much smaller than the number of RE in a PRB-pair, it is possible to multiplex multiple CCEs within a PRB-pair. Therefore, this is the simplest way to support FDM/TDM since it doesn’t require MIMO receiver. Therefore, it is recommended to consider FDM/TDM as a baseline for E-PDCCH multiplexing, and study spatial domain multiplexing for a further improvement of E-PDCCH capacity.
Proposal 4: FDM/TDM multiplexing should be baseline design for E-PDCCH.  SDM may also be studied for a further increase of capacity.
E-PDCCH multiplexing with other control channels
In backward compatible subframes, and/or carriers, the legacy control region at the beginning of each subframe can be used to transmit DL control signaling to legacy UEs. However, some of the DL physical control channels can also be used to support Rel-11 UEs. For example, in non-interference limited scenarios, where the DL control channels can be reliably detected at the UE, PCFICH and PHICH could be employed to indicate the size of the legacy control region and signal hybrid-ARQ acknowledgments in response to UL-SCH transmissions. However, in the latter case, the possibility of collisions between the PHICH resources used for the legacy UEs, and Rel-11 UEs receiving their DL scheduling on the E-PDCCH, need to be studied.
Proposal 5:  Investigate the possibility for PHICH resource collisions. 
In non-backward compatible subframes, and/or carriers, the legacy PDCCH region may not exist. In these scenarios, the information regarding the size of the legacy control region would be irrelevant to the Rel-11 UE. Note that to further improve efficiency, under these scenarios both E-PDCCH and PDSCH can be mapped to resource elements not used for PHICH and PCFICH (if they exist). In other words, unlike Rel-8/9/10, the starting position for the data region and E-PDCCH could be the very first OFDM symbol in the subframe. 
As for PHICH, the Rel-11 UE has three alternatives to receive its HARQ acknowledgements: 
· Reuse the legacy PHICH: Following the general principles from Rel-8/9/10, the Rel-11 UE receives the hybrid-ARQ acknowledgments in response to UL-SCH transmissions on the PHICH. The resources reserved for PHICH cannot be used for PDSCH or E-PDCCH transmissions. 
· No legacy PHICH: Similar to backhaul relay in Rel-10, the UE doesn’t trigger any retransmissions unless it explicitly receives an UL grant on the E-PDCCH. Note that one drawback of this approach is that the UE won’t be able to operate under the synchronous HARQ protocol in the uplink.

· Enhanced PHICH: The HARQ acknowledgments can be transmitted on the enhanced PHICH, which in turn, is transmitted on the data region. The enhanced PHICH may share some of the design principles of the E-PDCCH.

In HetNet scenarios where the legacy control region is subject to strong interference, the use of PHICH to signal hybrid-ARQ acknowledgments could be problematic. In principle, the PHICH relies on CRS for channel estimation. Given that for future deployments, the CRS could potentially be turned off in some subframes, it would be desirable to investigate alternative physical channels based on the DM-RS for transmission of HARQ acknowledgments. 
Proposal 6:  Investigate alternative mechanisms to PHICH to enable the synchronous HARQ protocol in the uplink.
4
Conclusions

In this contribution, we discussed the multiplexing of E-PDCCH with PDSCH, and other control channels, as well as multiple E-PDCCHs in the E-PDCCH region. Proposals from these discussions are as follows:
Proposal 1: E-PDCCH resource should be defined in FDM manner, and a subset of PRBs may be reserved for E-PDCCH. 

Proposal 2: A subset of PRBs may be reserved for E-PDCCH in a distributed manner within system bandwidth.
Proposal 3: Unused but reserved resources for E-PDCCH should be available for transmission of PDSCH
Proposal 4: FDM/TDM multiplexing should be baseline design for E-PDCCH.  SDM may also be studied for a further increase of capacity.
Proposal 5: Investigate the possibility for PHICH resource collisions.
Proposal 6: Investigate alternative mechanisms to PHICH to enable the synchronous HARQ protocol in the uplink.
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