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1 Introduction

On the CCFI transmission scheme in E-UTRA DL, the following were agreed by RAN1 during the Kobe and Orlando meetings: 

· No mix of control signalling and DL-SCH in an OFDM symbol
· CCFI is transmitted in the first OFDM symbol

· The 2 bits are mapped onto 4 sequences of length 16 QPSK symbols
· Spread over the whole system bandwidth

· Cell specific frequency domain mapping. 

· Cell specific hopping FFS.

· Cell specific scrambling, tied to the cell ID

· Same TX diversity scheme as for PDCCH

This contribution focuses on the mapping of CCFI to RE. First, we discuss design criteria and guidelines of the CCFI to RE mapping. Based on the guidelines, the details of the mapping rule are then proposed.
2 Guideline of CCFI to RE mapping
Table 1 outlines the design criteria and guidelines of the CCFI to RE mapping.
Table 1. Guideline of CCFI to RE mapping
	Criterion
	Guideline of CCFI to RE mapping

	No mix of control signalling and DL-SCH in an OFDM symbol
	Transmitted in the first OFDM symbol of a subframe

	Frequency diversity
	Spread over the whole system bandwidth

	Interference diversity in frequency domain
	Cell specific frequency domain mapping

	Interference diversity in time domain
	Cell specific hopping

	Efficient multiplexing with other controls such as CCE and ACK/NACK
	Integer multiple of 4 consecutive REs (excluding RS positions) between adjacent groups of CCFI REs for 2 or more Transmitter Antennas. Note that CCE to RE mapping is based on 4 consecutive REs.

	Spatial diversity
	2 consecutive RE based mapping in case of more than one Tx antenna


3 Proposed mapping of CCFI to RE
3.1 CCFI to RE mapping with more than one eNB Tx antennas

On top of spatial diversity from 2 or 4 Tx antennas, three or four samples in frequency domain would be enough to capture frequency diversity given that those samples are evenly spread over the whole bandwidth [1]. Four consecutive RE based CCFI to RE mapping as shown in Figure 1 would be a reasonable design with 2 or more eNB Tx antennas since it provides sufficient frequency diversity from four samples in the frequency domain with 16 CCFI QPSK symbols, while providing RE mapping structure for SFBC-based Tx diversity. The performance loss over fully distributed transmission, as it is later discussed, is not expected to be large due to the eNB transmit antenna diversity. Furthermore, the main motivation for this structure is that it is simpler to multiplex with other control transmissions such as DL/UL grants and PHICH. Note that 4 consecutive RE based mapping is the baseline assumption for CCE to RE mapping and it would also be a reasonable choice for PHICH multiplexing [2]. 
To ensure that 4 groups are evenly spread over the whole bandwidth, four zone based mapping is proposed as illustrated in Figure 2. In the zone-based mapping, one group is mapped to one zone in zone-specific and cell-specific manner. This provides a reasonable trade-off between frequency diversity and probability of collision among cells. Note that the zone based mapping guarantees frequency diversity to some extent, while increasing somewhat the probability of CCFI collision among cells due to the reduced number of mapping patterns. Interference among cells can be further randomized with time domain hopping so that the mapping position changes across sub-frames.
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Figure 1. 4 consecutive RE based CCFI to RE mapping
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Figure 2. Zone-based mapping and hopping
3.2 CCFI to RE mapping with one eNB Tx antenna
For the case of 1 eNB transmitter antenna, it is challenging to achieve a 1% BLER target for the CCFI transmission with 16 repetitions at the lowest SINRs of the geometry CDF due to the absence of transmission diversity. Placing the CCFI sub-carriers in groups of 4 consecutive REs (excluding the reserved RS positions), will further decrease the percentage of UEs for which the 1% target BLER is achieved due to the decreased frequency diversity.

The current decision of reserving sub-carriers for their potential use by a second eNB transmitter antenna in order to have 2, instead of 4, CCE structures [3], makes these unused sub-carriers ideal for the CCFI transmission. As these sub-carriers are spread over the entire operating BW, they can provide full frequency diversity for the CCFI transmission, therefore equalizing to an extent the absence of transmission diversity. Therefore, a more balanced performance with the case of 2 or more eNB transmitter antennas can be achieved which allows maintaining the same CCFI overhead for all cases of transmission diversity. A secondary advantage is that some of the unused sub-carriers are utilized which enhances the spectral efficiency of the overall PDCCH design, particularly for the smaller operating bandwidths, even though the power of these sub-carriers, which is not necessarily always needed, is no longer available. As only 12 reserved RS sub-carriers exist for the 1.4 MHz system BW, when 16 are needed for the CCFI transmission, 1 pre-determined CCE can be added to the CCFI transmission.  
To maximize the frequency diversity of the CCFI transmission, its repetitions should be evenly distributed over the unused RS sub-carriers (not necessarily always resulting to the same distance between two CCFI sub-carriers as the number of unused sub-carriers is not a multiple of 16). The placement of the CCFI sub-carriers for the case of 1 eNB transmitter antenna is shown in Figure 3. 
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Figure 3. CCFI to RE mapping for one eNB Tx antenna
The CCFI performance with fully distributed transmission and with distributed transmission of 4 blocks of sub-carriers, with each block comprising of 4 neighbouring sub-carriers, is subsequently provided for the baseline case of 16 usual repetitions and for the case of Hamming coding [4]. Table 2 presents the simulation assumptions. Figure 4 presents the CCFI BLER results.
Table 2. Simulation Assumptions for Fully Distributed versus Block Distributed CCFI Transmission.
	Parameter
	Value

	Bandwidth and Carrier Frequency
	5 MHz, 2 GHz

	Transmitter Antennas
	1

	Receiver Antennas
	2 (uncorrelated)

	Channel Model
	TU6,  10 Kmph

	Channel Estimation
	RS from previous sub-frame and 1st slot of current sub-frame

	CCFI Location
	Block Transmission: At 0, 1.5, 3.0, 4.5 MHz
Distributed Transmission: Every 3rd or 4th unused sub-carrier
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Figure 4: CCFI BLER with Fully Distributed and 4 Sub-Carrier Block Repetitions.
The performance gains from fully distributed transmission over distributed transmission in blocks of 4 sub-carriers, in the CCFI BLER range of interest (1% or less), exceed 0.7 dB and depend on the CCFI coding method. For the usual repetitions of the CCFI bits, the loss of diversity, as exhibited by the associated flattening of the BLER curve, results to significantly worse CCFI BLER that the PDCCH grant target BLER for cell edge UEs. Moreover, because of their much larger size resulting from having a low code rate, PDCCH grants for cell edge UEs will experience significantly larger frequency diversity than CCFI transmission with 4 repetitions of blocks with 4 sub-carriers.

With the Hamming coding that was decided for the CCFI transmission, there is a loss of 0.7 dB in the CCFI BLER at 1% and the loss increases for smaller CCFI BLERs, relative to the case of fully distributed CCFI sub-carriers placed on the reserved sub-carriers for the RS in case of two eNB transmitter antennas.   
4 Summary
In this contribution, we discussed design criteria and guidelines for CCFI to RE mapping and proposed details of the mapping. Proposed mapping for CCFI to RE is summarized as follows: 

· In the case of more than one eNB Tx antennas

· 4 consecutive RE based mapping
· 16 QPSK CCFI symbols mapped to 4 groups of 4 consecutive REs
· 4 zone based hopping

· One group of 4 consecutive REs per zone with zone and cell specific position 

· Positions in each zone changes across subframes
· In the case of one eNB Tx antenna
· Mapped to reserved REs for the RS in the case of 2 eNB Tx antennas
· Mapping position may change across sub-frames
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