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1. Introduction

Based on the consideration from CA enhancement, new carrier type, CoMP and DL MIMO, the following working assumptions were agreed in RAN1#66bis regarding enhanced downlink control channel. 

· 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 RAN1#67, the following agreements were reached.
 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 
In RAN1#68, further agreements on E-PDCCH were captured below. 
Agreement:

· E-PDCCH messages span both first and second slots…
· Multiplexing of PDSCH and E-PDCCH within a PRB pair is not permitted.
· At least for the E-PDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS
· rank 3 and 4 SU-MIMO is not supported
In this contribution we provide our views on the multiplexing of E-PDCCH. Our discussion is mainly focused on the control channel resource management for E-PDCCH in the time/frequency domain, e.g., regarding the basic control resource definition, mapping and multiplexing methods. Our discussion is made independent of the spatial transmission schemes and the reference signal usage whenever possible, which is discussed in a companion contribution. 
2. E-PDCCH Mapping and Multiplexing
2.1. General Principle
Legacy PDCCH is based on the aggregation of CCEs (36RE), where one CCE is further divided into smaller resource unit of REG (4RE). Through REG-level interleaving, legacy PDCCH is distributed across the entire system bandwidth to achieve frequency diversity, robustness and cell coverage for both low-mobility and high-mobility users.  On the other hand, REG-level interleaving and wideband transmission limit the frequency-selective scheduling flexibility and thus are inefficient for beamforming, frequency-selective scheduling, and frequency-domain ICIC in strong interference-limited heterogeneous deployment.
E-PDCCH is designed for a wide range of envisaged future deployments. These scenarios may have vastly different channel characteristics and therefore may require different design principles and performance targets. At least base on the past discussion:
· Localized E-PDCCH is usually chosen to harness gains arising from frequency-selectivity, e.g., by means of channel-aware beamforming or scheduling when channel state information is available at the transmitter. Therefore it is considered suitable for low-mobility UE, and deployment scenario with prominent beamforming gains (e.g., correlated antenna). This is also beneficial to enable frequency-selective scheduling of E-PDCCH by orthogonalizing the control channel transmission across neighbouring cells, to support inter-cell interference suppression with ICIC. 
· Distributed E-PDCCH is preferred when CSI is less reliable, as is the case for users with high mobility, in order to improve reliability by making use of frequency diversity.

Proposal 1: The deployment scenarios and performance target for localized and distributed E-PDCCH are quite different, and should be taken into account in the E-PDCCH mapping discussion. 
It should be clarified how E-PDCCH control resources shall be defined in both time and frequency domain. 

· In the time domain, E-PDCCH resource should be defined in terms of the starting OFDM symbol for which a UE shall assume for E-PDCCH blind decoding. Considering the application in new carrier type and small system bandwidth, it should be possible for E-PDCCH to start from OFDM symbol 0 and occupy the entire PRB pair. The set of possible starting OFDM symbols can be further discussed although {0, 1, 2, 3} seems to be a minimum required set. 

· In the frequency domain, E-PDCCH resources shall be configured as a set of PRB pairs on which a UE shall monitor E-PDCCH. This reuses the configuration mechanism for Rel.10 R-PDCCH. The frequency-domain resource can be signaled with type 0/1/2 resource allocation or a bitmap, the latter of which provides better flexibility in frequency domain ICIC at the expense of a higher RRC overhead. 
Proposal 2: The time and frequency-domain transmission resource of E-PDCCH shall be configured separately. 

In our view, distributed (or localized) E-PDCCH shall be defined in terms of how the E-PDCCH is mapped/multiplexed in the configured E-PDCCH resources. It has nothing to do whether the configured E-PDCCH resources (N PRB pairs) are adjacent or not, which is an eNB configuration choice and irrelevant to the E-PDCCH multiplexing discussion. 
2.2. Distributed E-PDCCH
For distributed E-PDCCH targeting high-mobility scenario, frequency-diversity and control signal robustness is the main design objective. Based on these considerations, it appears a natural choice to re-use the REG-level based interleaving framework for distributed E-PDCCH to ensure the maximum frequency diversity gain. For instance, assuming N PRB pairs are configured as the distributed E-PDCCH resources per subframe, multiple E-PDCCHs can be interleaved and distributed across the configured N PRB pairs. This is similar to the legacy control operation except that interleaving shall be performed across over the “virtual system bandwidth” comprising of the N PRB pairs instead of the entire system bandwidth. To accommodate new signals that are not present in the legacy PDCCH region (e.g., DMRS and/or CSI-RS), the enhanced REG (eREG) size and dimensioning details may require slight modification. 
Proposal 3: At least for distributed E-PDCCH mapping, eREG-level based interleaving structure should be adopted, where eREG may take on a similar size of legacy REG. For distributed mapping, E-PDCCHs are interleaved and mapped across the configured E-PDCCH resources to exploit the frequency diversity gain. 
2.3. Localized E-PDCCH
Localized E-PDCCH is applicable to low-mobility and frequency-selective scheduling to reap the beamforming gain. Therefore, an E-PDCCH shall be mapped locally (e.g. to a smaller set of PRBs) within the configured N PRB pairs. The basic mapping unit could be eCCE with a similar size to legacy CCE. One PRB should be divided into multiple candidate eCCEs, possibly following a FDM fashion. Given the localized transmission property, it seems reasonable to restrict one eCCE within a PRB pair. 
In terms of E-PDCCH mapping, one possible rule is for the E-PDCCH to always occupy the entire PRB pair which it is mapped to. This minimizes the number of PRB pairs an E-PDCCH occupies, so that unused PRB pairs in the configured E-PDCCH resources can be used for PDSCH transmission. On the other hand, it is possible for a localized E-PDCCH to be mapped to L PRB pairs where in each PRB pair it is mapped to only a subset of the available eCCEs. This slightly increases the frequency diversity gain. 
Proposal 4: Localized E-PDCCH is mapped to a set of PRB pairs, where in each PRB pair it may occupy all or a subset of the available eCCEs. 
It is FFS whether one eCCE shall be further divided into multiple eREG in the case of localized transmission. If so, a different interleaver design from distributed E-PDCCH may be needed to ensure that one eCCE can be mapped locally (e.g. within one PRB pair). However it is unclear such additional specification effort is really necessary or beneficial at all. A simple alternative is to adopt eCCE as the minimum control resource unit for localized E-PDCCH. 
3. Conclusions

In this contribution we discussed the mapping scheme and multiplexing method of E-PDCCH. Our current views are summarized below:

Proposal 1: The deployment scenarios and performance target for localized and distributed E-PDCCH are quite different, and should be taken into account in the E-PDCCH mapping discussion. 

Proposal 2: The time and frequency-domain transmission resource of E-PDCCH shall be configured separately. 

Proposal 3: At least for distributed E-PDCCH mapping, REG-level based interleaving structure should be adopted, where REG may take on a similar size of legacy REG. For distributed mapping, E-PDCCHs are interleaved and mapped across the configured E-PDCCH resources in order to exploit the frequency diversity gain. 
Proposal 4: Localized E-PDCCH is mapped to a set of PRB pairs, where in each PRB pair it may occupy all or a subset of the available eCCEs. 
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