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1. Introduction

As motivated in [1], we propose the puncturing approach, i.e. not to map the ePDCCH around other channels or signals present in the PRB pair. A rate matching approach would be very complicated as it needs to be UE specific which would introduce mapping ambiguities during CSI-RS or ePDCCH start symbol reconfigurations. In addition it would prevent the transmission of broadcast signals using ePDCCH, i.e. the common search space which contains scheduling of UEs for which there is no configuration (paging), with unknown configuration (random access response) or of multiple UEs (system information).

The puncturing approach implies that the 168 RE in a PRB pair are divided into non-overlapping groups of REs denoted eREG and where other present signals or channels then puncture the ePDCCH. The performance difference to rate matching is for lower code rates negligible and for higher code rates tolerable (small fraction of a dB) considering the flexibility it brings. The ePDCCH processing is illustrated in Figure 1.
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Figure 1 An ePDCCH consists of aggregated eCCEs, each containing approximately 36 modulated symbols. Each eCCE is then further divided into N eREG, in this example N=2, to provide two-fold antenna diversity for each eCCE. Each eREG corresponds to a pre-defined set of RE in the PRB pair and whenever other signals are present the eREG is punctured. 

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 in the normal case is aware of which RE contains non-ePDCCH signals and are punctured, it can utilize this when demodulation the ePDCCH. 

In many contributions, an eCCE has been introduced, but there is no clear definition of an eCCE. In our view, the CCE principle should be maintained for ePDCCH and the eCCE is the basis for the link adaption of the ePDCCH. Each CCE is consisting of a number of eREG where each eREG has a pre-defined pattern in the PRB pair. Since puncturing is used and not rate matching, the number of non-punctured RE of an eCCE will not be a fixed number and it varies between subframes. This distinguishes it from a CCE. Still we think that an eCCE should have the number of modulates symbols approximately the same as the number of modulated symbols (i.e. 36) for a CCE as this is a well known basis for the control channel link adaptation.

Each eCCE thus maps to a fixed number of eREG. Note that for localized allocation with UE specific precoding, the concept of eREG makes less sense, since eREGs are always grouped into eCCEs and an eCCE use always a single antenna port. However, for diversity transmission, splitting an eCCE into the smaller pieces as eREGs enables antenna diversity transmission within the eCCE. Since we are targeting a unified ePDCCH design for both localized and distributed allocations, we propose to introduce eREG as a general physical layer entity and use them to define both types of allocations and to determine the antenna port association. 
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Figure 2 Performance for different eREG sizes, EPA
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Figure 3 Performance for different eREG sizes, ETU

For PDCCH, each CCE is split into 9 REG and distributed over the whole system bandwidth. The ePDCCH is different compared to the PDCCH since it is located in the shared data channel region and there is a tradeoff between diversity and the amount of resources that needs to be allocated for ePDCCH transmission. For PDCCH, full frequency diversity is always achieved for all CFI values.  

In Figure 2 and Figure 3, the ePDCCH performance is compared to PDCCH for different eREG sizes assuming an aggregation level 2 eCCE and assuming no presence of CRS or legacy control (new carrier type case). Hence, the size of the CCE and the eCCE is the same in the comparison. Using 18 RE or 9 RE per eREG and using 4 PRB pair implies 1 and 2 eREG distributed per PRB pair respectively. If 6 PRB pairs are used for distributed transmission of 2 eCCE, then each eREG has size 6 RE to provide both 2nd order antenna diversity and 6th order frequency diversity. The small performance benefit of using 6 PRB over 4 PRB seems not attractive taken into account the 50% increase in ePDCCH overhead. Based on this short analysis, an eREG size of 9 or 18 RE seems more attractive. 

See Figure 1 for an illustration how an ePDCCH is mapped to one or multiple eCCE which in turn are mapped to multiple eREGs, a processing very similar to the PDCCH. 

With this design, the support of either localized or distributed allocation 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 UE specific or diversity transmission but there is no need to have different 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 allocation or even both simultaneously, depending on how the UEs receiving the ePDCCH transmissions are configured.

2. Definition of eREG 

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 DMRS present in the PRB pair. 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, DMRS 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. 

A simple and straightforward mapping of the eREG is to map them in frequency direction first and then time direction. This gives a good distribution of each eREG over the PRB pair so that collisions are evenly distributed over eREGs. This mapping also allows for power boosting and has similar channel estimation performance for each eREG. To further reduce the probability that other channels collide with the same eREG, a cyclic shift of n of OFDM symbol n can be applied.  

Figure 4 shows the resulting pattern in the PRB pair for 8 eREG. This gives a maximal difference between the largest and the smallest eREG of three REs for all possible number of CRS ports and shifts and all values of CFI. The CSI-RS was not included in this analysis, but since the number of CSI-RS configurations is so large, it would be difficult to further optimize the mapping for these. In addition the CSI-RS is sparse in time and therefore not as important as the other signals. 

In this mapping proposal, we have not performed any rate matching around DMRS to keep the mapping principle simple. Also, in the case an ePDCCH transmission is using the whole PRB pair (aggregation level 4 eCCE), then only one antenna port is needed and the DMRS RE belonging to the other CDM group can be used for ePDCCH transmission, i.e. these RE are not punctured. This corresponds to Method 2 in [2] but avoids the problem of having different mapping rules depending on the aggregation level. 
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Figure 4 Mapping of numbered eREGs 0-7 to a PRB pair obtained mapping consecutive eREGs in frequency domain first and then time. Then cyclically permute column n by n steps. eREG #1 is marked by color.
3. Conclusion

Based on the discussion in this contribution we propose that:

· An ePDCCH consists of aggregations of one or multiple eCCEs 

· Each eCCE is divided into 2 or 4 eREG (FFS)

· eREG definitions for eREG 0-7 is given by the figure below for N=2:
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5. Appendix

Table 2 Simulation parameters

	Parameter
	Value

	Bandwidth
	10 MHz 

	Channel model
	ETU, EPA, 2x2, uncorrelated, 3 km/h

	Number of PRB pairs used for ePDCCH
	4 and 2 (for 2 eCCE)

	Diversity
	Per eREG precoder cycling

	DCI format
	2C

	CRS antenna ports
	0

	CFI
	0

	Channel estimation
	Realistic
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