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1
Introduction
Multiple decisions were made in RAN1#49 in regards to CCFI, formerly known as “cat 0 information”.
· The first n OFDM symbols in a DL subframe are used for control signalling
· No mix of control signalling and DL-SCH in an OFDM symbol

· n=1, 2 or 3

· Cat 0 indicates the value of n

· Interpretation of Cat 0 is non-configurable: fixed mapping of Cat0 to values of n (1, 2, 3) in the specification. The use of the fourth value in Cat0 is FFS.

· Cat0 is transmitted in the first OFDM symbol

· Coding: 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 builds from the decisions in the last meeting with a proposed coding chain for the CCFI and with specifics on some of the open items from the last meeting. 

2
Structure and multiplexing 
The time span of the CCFI was agreed in RAN1#49 to be the first OFDM symbol in the TTI. Figure 1 shows a block diagram for the transmission of the CCFI information. 
· The effective code is a (32,2) block code 

· Binary scrambling and QPSK modulation follow the encoding operation as already captured in 36.211

· The layer mapping and procoding should be the same as that used for PDCCH transmission
· A gain is applied before frequency mapping to allow adjusting the transmission power to the group of UEs that are scheduled in that subframe

· The frequency map should be such that spreads the 16 QPSK symbols over the entire system bandwidth 
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Figure 1. Block diagram of CCFI transmission
This document focuses on the Frequency Mapping for the CCFI. We propose to maximize the frequency span of each CCFI transmission with the following restriction:

· The CCFI is mapped to the frequency domain in pairs of adjacent subcarriers

· This structure is compatible with single transmit antennas and with SFBC with 2 and  4 Tx antennas

Different system bandwidths have different reuse factors for the transmission of the CCFI. Table 1 summarizes the maximum separation (Δ) in sets of 3 subcarriers (denoted by “triplets”) for different system bandwidths assuming that 16 QPSK modulation symbols are used for the transmission of CCFI as agreed in RAN1#49. Table 1 also specifies the reuse factor that will be achievable for each of the system bandwidths. 
Table 1. Frequency separation and Frequency reuse for CCFI transmission
	BW
	Number of useful sc
	Number of triplets
	Δ
	floor(Δ)
	Reuse

	1.25
	75
	25
	2.4286
	2
	3

	2.5
	150
	50
	6
	6
	7

	5
	300
	100
	13.1429
	13
	14

	10
	600
	200
	27.4286
	27
	28

	15
	900
	300
	41.7143
	41
	42

	20
	1200
	400
	56
	56
	57

	20
	1320
	440
	61.7143
	61
	62


Figure 1 shows the proposed frequency mapping of the CCFI in the first OFDM symbol of each subframe. The figure at the left represents the transmission for 1 or 2 Tx antennas, while the figure in the right represents the transmission with 4 Tx antennas.

Consistent with the agreement for the CCE-to-RE mapping [1] to assume that there are two RS present for the 1 and 2 Tx antennas case and that there 4 RS present for the 4 Tx antennas case, we propose to map the CCFI in the two subcarriers between the reference signals from antenna 1 and antenna 2 as shown in Figure 1. 

Figure 1 also shows transmission with the 3 frequency shifts available as stated in Table 1 for 75 useful subcarriers. In our view, the cell specific frequency domain mapping could be achieved by the use of different frequency shifts tied to the cell ID. 

In order to fully describe the resource allocation for the CCFI we need:

· Shift of the first strip

· Can be tied to the cell ID for a given system bandwidth, e.g., 5MHz system has 14 possible values
· Number of “triplets” between different transmissions strips (Δ)

· Known from the system bandwidth
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Figure 1. Frequency Mapping of CCFI (example with 75 useful subcarriers)
3
Conclusions

The structure and multiplexing of CCFI has been discussed in this document. 
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