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1. Introduction

At RAN1#67, it was agreed that 

· Both localized and distributed transmission of the enhanced control channel are supported

In this contribution, we discuss further the multiplexing of DCI messages and ePDCCH processing of such localized and distributed control channel transmission. Our preference is to have as similar physical layer design for the localized and distributed transmissions as possible, avoid reserving PRB pairs for either localized and distributed transmission and instead make the distinction between them in how the search space is configured for the two cases. 

2. ePDCCH processing

Due to the placement of the ePDCCH in the PDSCH region, the resources available for ePDCCH will in general vary from subframe to subframe depending on the presence of CSI-RS, PSS, SSS, PBCH, PRS and CRS (e.g. MBSFN subframes). In addition, the ePDCCH start symbol can be configurable from subframe 0 to 4 and potentially also be dynamically changing per subframe. The CSI-RS is UE specifically configured, which further makes the available ePDCCH resources UE specific. 

For these reasons, we propose not to use a rate matching approach, i.e. not to map the ePDCCH around these other channels or signals, except the 24 RE belonging to the DMRS used to demodulate the ePDCCHs. A rate matching approach would be very complicated as needs to be UE specific and there would be ambiguities during CSI-RS or ePDCCH start symbol reconfigurations. Also, each UE in the cell would need to know the configurations of all other UEs in the cell, which is undesirable. Therefore, we propose a puncturing approach where the 144 available REs are divided into non-overlapping sets of REs in a PRB pair. These sets are fixed in the specifications and are denoted extended resource element groups (eREG). Whenever other signals such as CRS, CSI-RS or a legacy control region are present in the PRB pair, the ePDCCH is punctured in those affected RE (it is assumed that all RE are punctured in the n-1 first OFDM symbols when the ePDCCH start symbol number is n). Furthermore, the 144 RE which would all be available for ePDCCH on a CRS free carrier type without legacy control, splits evenly into 4 CCE of size 36 RE each.     

Proposal 1:  An ePDCCH is mapped to RE assuming no presence of other signals such as CRS, CSI-RS, … and assuming ePDCCH start symbol 0. Whenever other signals are present or in the case of a non-zero ePDCCH start symbol number, puncturing of the ePDCCH is applied. 
This design simplifies the logical, search space domain as the principle of aggregation of CCEs with size 36 RE can be reused and the presence of CRS, CSI-RS etc are punctured and handled in the receivers accordingly. The puncturing is only impacting the operations in the CCE domain by an adjustment of the aggregation level, i.e. the ePDCCH link adaptation. Since the UE is aware of which RE contains non-ePDCCH signals and are punctured, it can utilize this when demodulation the ePDCCH. This also means that introducing an eCCE concept is not necessary. 

Proposal 2:  An ePDCCH consists of an aggregation of CCEs, each of size 36 modulated symbols and each CCE is further mapped to the resource elements in the physical layer.
Similar to the PDCCH which is composed of 9 REG to provide frequency diversity, each CCE is further divided into extended REGs (eREG). The purpose is to provide frequency and/or antenna diversity also for a single CCE, which is important for small DCI formats when CSI is not available at the eNB. See Figure 1 for an illustration how an ePDCCH is mapped to one or multiple CCE which in turn are mapped to multiple eREGs, a design very similar to the PDCCH design. 


[image: image1.emf]CCE CCE CCE CCE CCE CCE

eREG

eREG eREGeREG eREG eREG eREG eREGeREG eREG eREG eREG

ePDCCH AL=4


Figure 1 An ePDCCH consists of aggregated CCEs, here four, each containing 36 modulated symbols. Each CCE is then further divided into a number of eREG to provide two-fold antenna diversity within a PRB pair. Each eREG corresponds to a pre-defined set of RE in the PRB pair. 

With this design, the support of either localized or distributed transmission can be achieved on a per-UE basis by adjusting its configured search space. The antenna port (AP) association between and eREG and the AP for the involved eREG will also depend on whether the UE is expecting a localized or distributed transmission but there is no need to change the CCE to eREG mapping, or the eREG definition, for these two cases. This has the benefit that a PRB pair configured for ePDCCH can be used for either a distributed or a localized or even both simultaneously, depending on how the UEs receiving the ePDCCH transmissions is configured. See further details in our companion paper on reference signals [1].  

2.1. Design and multiplexing of eREG 

We propose below to define 8 eREG per PRB pair (to have antenna diversity within each CCE) and which RE belong to each eREG needs to be further designed. To have a design that can cope with all scenarios, the starting point should be the case when there is no CRS, CSI-RS, legacy control region or other signals than the DMRS present in the PRB pair, which is the scenario for the additional carrier type without CRS and no legacy control. As 4 antenna ports are used for the ePDCCH, there are 144 RE available in the case of normal CP
 and in normal subframes which happen to equal the size of 4 CCE of 36 RE each and there is then also possible to have one unique AP defined per CCE. 

Proposal 3: An eREGs is as a subset of the 144 available RE in a PRB pair after removal of DMRS. The subset is fixed, irrespectively of carrier type or localized/distributed transmission. Each CCE maps to a pre-defined set of eREG.  

To provide either frequency or antenna diversity also for the smallest aggregation level in case of distributed transmission, an eREG size smaller than a whole CCE is required. The smaller an eREG is (in the number of RE), the larger is the potential for diversity since a CCE can be further divided into smaller pieces and distributed over many more configured PRB pairs in frequency and/or antennas. However, if a CCE is interleaved over a large number of PRB pairs, all of these PRB pairs will be occupied and cannot be used for PDSCH transmission. One of the benefits of the ePDCCH is that unused resources can be used for PDSCH transmission, and thereby achieve a self-regulating overhead, without the need for a CFI for the ePDCCH. 

Therefore, an ePDCCH should be kept within a limited number of PRB pairs, still sufficiently many to get adequate frequency diversity but avoiding that one ePDCCH engages too many PRB pairs. A good trade-off is four PRB pairs, and it enables up to eight order diversity of an ePDCCH if antenna diversity is used within each PRB pair. To provide antenna diversity within a PRB pair, each CCE needs to be split into at least 2 eREG. We therefore suggest a division of a PRB pair into 8 eREG. Note that for localized ePDCCH transmission, the introduction of eREG is not strictly needed but to keep the same physical layer structure and organization for both localized and distributed transmission, and to be able to mix them with UE specific precoding and diversity transmission respectively in the same PRB pair, it is desirable to use the eREG concept for both cases. 

Proposal 4: Eight eREG are defined in a PRB pair where each eREG consist of 18 RE. 

Although the exact eREG design on how to divide the 144 RE into 8 eREG of 18 RE each needs further investigations, we can discuss some design principles as there are a number of factors to be considered. It is beneficial if all eREG should have approximately the same performance to simplify the CCE link adaptation. Therefore, it is desirable if the puncturing of CRS, CSI-RS and the ePDCCH start OFDM symbol position impacts all the eREG approximately equally. Furthermore, the channel estimation is expected to have worse performance close to the edges of the PRB pair and a distributed eREG mapping within the PRB pair would even the differences between eREGs. Another desirable feature is power boosting of an ePDCCH, so it should be possible to move energy from empty eREG to used eREG. This basically rules out a TDM design of eREG multiplexing. 
Proposal 5: The eREGs should be designed to simplify the ePDCCH link adaptation by even out performance differences between eREG as much as possible in various scenarios. Possibility for power boosting of ePDCCH should be considered. 

3. Conclusion

Based on the discussion in this contribution, we can summarize by listing these proposals for decision:

Proposal 1:  An ePDCCH is mapped to RE assuming no presence of other signals such as CRS, CSI-RS, … and assuming ePDCCH start symbol 0. Whenever other signals are present or in the case of a non-zero ePDCCH start symbol number, puncturing of the ePDCCH is applied. 

Proposal 2:  Similar to PDCCH, an ePDCCH consists of an aggregation of CCEs, each of size 36 modulated symbols and each CCE is further mapped to the resource elements in the physical layer.
Proposal 3: An eREGs is as a subset of the 144 available RE in a PRB pair after removal of DMRS. The subset is fixed, irrespectively of carrier type or localized/distributed transmission. Each CCE maps to a pre-defined set of eREG.  

Proposal 4: Eight eREG are defined in a PRB pair where each eREG consist of 18 RE.
Proposal 5: The eREGs should be designed to simplify the ePDCCH link adaptation by even out performance differences between eREG as much as possible in various scenarios. Possibility for power boosting of ePDCCH should be considered. 
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� The ePDCCH design for extended CP and special subframes can be further discussed when the basic principles for the normal case are settled.
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