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1 Introduction

On the CCFI transmission scheme in E-UTRA DL, RAN1 has agreed the followings: 
· No mix of control signalling and DL-SCH in an OFDM symbol
· PCFICH to be transmitted on 4 mini-CCE’s in the first OFDM symbol of a subframe
· 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 with more than one eNB Tx antenna. Firstly, this contribution discusses on design criteria and guidelines of the CCFI to RE mapping and then proposes the detailed mapping rule. The CCFI mapping with one eNB Tx antenna is discussed and proposed in [1].
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
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 [2]. Four consecutive RE (i.e. mini-CCE) 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 behind 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. 
To ensure that mini-CCEs are evenly spread over the whole bandwidth, zone-based mapping is proposed as illustrated in Figure 2. Since PCFICH is transmitted on 4 mini-CCEs, the whole bandwidth is divided into 4 zones and a mini-CCE is chosen for CCFI mapping in each zone. 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 eNBs 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 subframes.
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Figure 1. 4 consecutive RE based CCFI to RE mapping
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Figure 2. Zone-based hopping
In order to guarantee that the cells of an eNB do not experience CCFI collision, zone-based shift can be introduced to zone-based hopping. Detailed mapping rule is expressed by (1):

ni = i*zone_size + mod(offset(i, eNB_ID, subframe_index)+cell_ID, zone_size),
(1)
where

ni: the mini-CCE number of the i-th zone (i=0,1,2,3)

Ntotal: the number of mini-CCE defined in the first OFDM symbol

zone_size= floor(Ntotal /4): the number of mini-CCEs for zones 1,2, and 3
offset(i, eNB_ID, subframe_index): the offset function 
The cells of a given eNB will use distinct mini-CCEs for CCFI mapping and the location of CCFI min-CCEs varies depending on eNB_ID and subframe_index for cell-specific zone-based mapping and zone-based hopping, respectively.
Figure 3 illustrates zone-based shift and hopping. As shown in Figure 2, collision between the cells belonging to difference eNB may happen. However, there is no collision among the cells of an eNB thanks to zone-based shift.
The proposed CCFI mapping rule provides the following properties:
· Effective multiplexing with other control channels and easy application to SFTD or SFTD-based transmit diversity schemes (introduction to the group of 4 consecutive REs, i.e. mini-CCE)
· Frequency diversity (zone-based mapping)
· Interference diversity in frequency domain (eNB-specific mapping pattern)
· Interference diversity in time domain (zone-based hopping)
· No collision among the cells of an eNB (zone-based shift)
[image: image3.emf] 

... ... ... ...

Zone  1 Zone  2 Zone  3 Zone  4

... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

freq

cell  #1  of eNB A

cell  #2  of eNB A

cell  #3  of eNB A

cell  #1  of eNB B

cell  #2  of eNB B

cell  #3  of eNB B


Figure 3. Zone-based shift to guarantee no collision among the cells of an eNB
4 Summary
In this contribution, we discussed design criteria and guidelines for CCFI to RE mapping and proposed the mapping rule for the cells with 2 or 4 transmit antennas. The proposal is summarized as follows:
· 4 consecutive RE based mapping
· 16 QPSK CCFI symbols mapped to 4 mini-CCEs
· Zone-based mapping (zone-based shift and hopping)
· One mini-CCE per zone selected in zone- and eNB-specific manner 
· Positions in each zone changes across subframes
· Additional zone-based shift applied to the cells of an eNB to guarantee no collision among the cells
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