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1   Introduction
In this document, we discuss E-PDCCH design aspects including multiplexing of different DCI messages, enhanced CCE structure.

2 E-PDCCH Design Aspects

The Rel-8 PDCCH design uses a CCE as a building block where a CCE contained 36 REs grouped as 9 REGs, with each REG containing four REs (REGs are distributed over the system bandwidth). The Rel-8 search space was defined based on the CCE aggregation level (levels 1, 2, 4 and 8). It is envisioned that the E-PDCCH design can take elements from the existing PDCCH and R-PDCCH designs with possible enhancements as necessary. 

Configuration of E-PDCCH Resources 

The UE monitors E-PDCCH in a configured set of PRB pairs with the configuration done via RRC signalling wherein the eNB sends a bitmap (e.g. one bit per PRB pair) indicating whether a PRB pair may be used for sending E-PDCCH to the UE. The bitmap approach is fully flexible and is better compared to the RPDCCH approach wherein DL RA Type 0/1/2 were used to signal RB configuration. Apart from the PRB configuration, the UE needs additional information to detect an E-PDCCH resource, including starting OFDM symbol within a PRB pair, DMRS information (e.g. Antenna Ports), enhanced control channel element (eCCE) structure, eCCE aggregation details, number of decoding attempts per aggregation level, Format sizes, scrambling, etc. 
Proposal 1: E-PDCCH resources are configured in a UE-specific manner. 

Enhanced Control Channel Element (eCCE)
Like the CCE used for PDCCH, the eCCE is used to denote the building block of E-PDCCH. Unlike the PDCCH, the resources for E-PDCCH span the entire sub-frame and only a subset of resource blocks, and E-PDCCH is likely to be rate-matched around some reserved REs in the PRB pairs such e.g. CRS, CSI-RS, DMRS, etc. The agreement from last meeting does not permit utilizing unused REs from E-PDCCH RBs for PDSCH. 

Table 1 shows the number of available REs for E-PDCCH in a PRB pair (i.e., REs not mapped to PDCCH or CRS or DM-RS) for normal CP. The values are shown for each sub frame type / #CRS ports and assumed PCFICH value.Two values a1-a2, where ‘a1’ is the number of available REs if E-PDCCH is mapped around all possible zero power and regular CSI-RS in the subframe; and ‘a2’ is the number of available REs if there is no CSI-RS in the subframe. The configuration with PCFICH value = 0 is useful for new carrier type (with adjustments depending on RS used in NCT). The two highlighted entries (108 and 72 REs) are the only values that are multiples of the PDCCH CCE size (36 REs).

Table 1. Number of available REs for E-PDCCH (a1-a2), ‘a1’-with CSI-RS, ‘a2’-without CSI-RS (with 24 DMRS REs)

	 
	Normal subframe
	MBSFN subframe

	 
	2 CRS ports
	4 CRS ports
	2CRS ports
	4 CRS ports

	PCFICH=3
	56-96
	52-92
	N/A
	N/A

	PCFICH=2
	68-108
	64-104
	80-120
	80-120

	PCFICH=1
	80-120
	72-112
	92-132
	N/A

	PCFICH=0
	96-128
	80-120
	100-140
	96-136


The table illustrates that no single eCCE size can fit all the possible configurations and that defining just one eCCE per one PRB-pair always could be quite inefficient (e.g., for a MBSFN subframe with PCFICH value = 0 and 2 CRS ports, one eCCE has 140 REs.).

Figure 1 shows a high level overview of EPDCCH structure envisioned for LTE Rel-11. A Rel-11 UE can monitor E-PDCCH candidates in a set of PRB pairs (E-PDCCH RB set). As shown in the figure, the UE is expected to monitor a set of CCEs (at least the common search space) in the legacy control region for receiving legacy control signalling. In addition to this, the UE monitors an additional set of CCEs (eCCEs) in the E-PDCCH RB set. 
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Figure 1. – eCCE structure for LTE Rel-11 UEs.
For E-PDCCH, since the number of available REs varies from 56 to 152 (considering both 24 and 12 DMRS REs cases), at least 2, 3 or 4 eCCEs per PRB pair could be defined with an eCCE size around 36 REs with variation. It is however noted that the number and size of eCCEs per PRB pair would be configuration-dependent (including #CRS ports, n(PCFICH), #CSI-RS ports, subframe type, #DMRS ports, etc). With multiple eCCEs within a PRB pair, it is possible to transmit multiple E-PDCCHs (e.g., DL/UL to a UE) within a PRB pair. 

For each UE, an eCCE is associated with a DMRS antenna port or more precisely, each RE used in an eCCE within a PRB pair is associated with a DMRS port. Note that eCCE formation/aggregation can also be described using an enhanced REG or eREG formulation, as some contributions have discussed in previous RAN1 meetings. 
Proposal 2: An eCCE includes a set of REs within only one PRB pair and is associated with an Antenna Port.

Proposal 3: An E-PDCCH PRB pair contains an integer number of eCCEs, including 2, 3, or 4. 

The UE also needs to know the starting OFDM symbol for E-PDCCH, which for legacy carriers can vary from n=1 to n=4, based on the legacy PCFICH value and n=0 for NCT. If the UE is operating on a legacy carrier, it can determine the E-PDCCH starting OFDM symbol based on the PCFICH, though for the new carrier type, some mechanism (FFS) may be needed. 

PRB Bundling 

In Rel-10 PRB bundling provides improvement in channel estimation performance for DMRS-based PDSCH reception. The same technique can also provide improvement for E-PDCCH as well. Therefore, if an E-PDCCH has REs from two adjacent PRB pairs associated with the same Antenna Port, then the UE can assume PRB bundling for demodulating those REs.

Proposal 4: PRB bundling is supported for DMRS-based E-PDCCH. 

Distributed and Localized transmissions with eCCE Aggregation 

E-PDCCH design is expected to support localized and distributed transmissions. Localized transmission enables beamformed frequency-selective scheduling of E-PDCCH while distributed transmission is useful for the case when eNB has coarse or no CSI information. The link performance of localized and distributed FDM based E-PDCCH with one eCCE=36 REs spanning one PRB pair was discussed in a previous contribution [4] which showed the following.

· For localized transmissions, E-PDCCH performance is comparable to that of legacy PDCCH with performance improving with higher operating SNR, i.e., DCI format 2C (and small aggregation levels such as 1 or 2).
· For distributed transmissions which are typically targeted for low SNR UEs, i.e., higher aggregation levels (4 or 8), performance of E-PDCCH (even with wideband PMI feedback, no feedback errors) is 2.5 dB worse than legacy PDCCH.
By suitably defining search space, both localized and distributed transmission can be supported. Our preference is to define localized transmission as a transmission where aggregation of one or more eCCEs within a PRB pair is used. The localized transmission reduces resource wastage as the same PRB pair may be used to send both DL and UL DCI to the UE, thus increasing resource efficiency of E-PDCCH. Similarly distributed transmission of E-PDCCH would involve transmission of a DCI message in more than one PRB-pair and it is supported by aggregation of eCCEs where at least two eCCEs belong to two different PRB pairs.
Proposal 5: Localized transmission is supported by aggregation of one or more eCCEs within a PRB pair.

Proposal 6: Distributed transmission is supported by aggregation of eCCEs where at least two eCCEs belong to two different PRB pairs.

Power Sharing with E-PDCCH
PDCCH power deboosting and utilization of unoccupied (zero power) REGs provide significant benefit by reducing inter-cell interference and thereby allowing lower number of CCEs to be used per PDCCH.  
E-PDCCH power deboosting should also be considered to take advantage of when the same set of PRB pairs are used for E-PDCCHs by a serving cell and by neighbor interfering cells.  The E-PDCCH resources (REs/ eCCEs) can be power deboosted by up to 6dB for QPSK and 3dB for 16QAM (if supported) given the current dynamic range requirements of TS 36.104. Note that the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RS is 0dB for number of transmission layers less than or equal to 2.  This requirement could also be applied to E-PDCCH. 

Observation: E-PDCCH power de-boosting can also be deployed to achieve gains similar to PDCCH power de-boosting when E-PDCCH PRBs are aligned between eNBs

Conclusion 

We propose the following E-PDCCH design principles. 
Proposal 1: E-PDCCH resources are configured in a UE-specific manner. 

Proposal 2: An eCCE includes a set of REs within only one PRB pair and is associated with an Antenna Port.

Proposal 3: An E-PDCCH PRB pair contains an integer number of eCCEs, including 2, 3, or 4. 

Proposal 4: PRB bundling is supported for DMRS-based E-PDCCH. 

Proposal 5: Localized transmission is supported by aggregation of one or more eCCEs within a PRB pair.

Proposal 6: Distributed transmission is supported by aggregation of eCCEs where at least two eCCEs belong to two different PRB pairs.
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