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1 Introduction
It has been agreed that the DL control channel is generated by one or multiple control channel elements (CCE) which are located in the first N OFDM symbols in each sub-frame, where N is equal to or less than 3 (see figure 1).
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Figure 1 DL control channel structure

In Malta meeting some further agreements have been reached on downlink control channel structure [1].

· CCE size

· Possibilities for size definition

· Alt 1: measured in useful REs (i.e., REs not used for RS or ACK/NAK or cat0)

· Alt 2: measured in REs, some REs punctured due to RS

· Size should be a multiple of 6

· 36 REs (for 5 MHz case)

· One CCE spans all n OFDM symbols used for control signaling

· Aggregation of CCEs

· 1, 2, 4, 8 CCEs aggregated, resulting in code rates of approx 2/3, 1/3, 1/6, 1/12

· need for aggregation of  3 CCEs is FFS

However the CCE structure, i.e.,how to map RE to CCE has not been decided yet. In [2] an example of CCE structure was given in which the frequency diversity is maximized (Figure 2). 
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Figure 2 an example of CCE structure

On the other hand in RAN1 #48bis meeting it has also been agreed that SFBC is adopted as the working assumption of the transmit diversity scheme for DL control channel. In this contribution, the control channel element structure which supports SFBC transmit diversity scheme is discussed.  The RE paring is also investigated.
2 DL control channel structure
Assuming that the DL L1/L2 control channels for different UEs are transmitted over N OFDM symbols, the actual amount of channel resource used for control signalling in each subframe can be represented by the number of CCEs. This information is transmitted by Cat0.

There are two ways to map the resource element pairs (SFBC pair) onto the control channel elements (CCEs): 
1. Each CCE is mapped onto the RE pairs within a number of distributed RBs in one OFDM symbol across the whole bandwidth
2. Each CCE is mapped onto the RE pairs within a number of distributed RBs in N OFDM symbols across the whole bandwidth 

Figure 3 shows the RE mapping scheme of CCE and the control channel structure for option-1, where control channels fills in CCEs in the first OFDM symbol at first and then the second one and so on. It should be noted that to obtain the maximum frequency diversity RE pairs in each CCE should distribute over the frequency band of an OFDM symbol. A pre-defined RE mapping formula can be applied to map RE pair to CCE. 
An example of option-2 is illustrated in Figure 4. Compared to option-1, Option-2 provides the diversity gain not only in the frequency domain but also in time domain. Since N is variable, it is difficult to define a uniform CCE structure for N=1, 2 and 3. One possible way to construct CCE is to re-arrange the total RE pairs assigned to the control channel in the first N OFDM symbols in each subframe according to certain permutation formula which is the function of the number of CCEs and can be cell specific. After this step, a group of the consecutive RE pairs in the re-numbered RE sequence can be mapped to CCE. 
In order to support the interference coordination of the CCEs between cells, CCE can be mapped to the REs in a subset of the PRBs. The frequency/time diversity can still be obtained if the distributed PRBs are assigned to each PRB subset. 

Based on the coding rate and the payload of the control channel, one or multiple consecutive CCEs can be used to generate a control channel for a dedicated UE. It is better to define CCE size according to the useful REs.
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Figure 3 the control channel structure (option-1)
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Figure 4 control channel structure (option-2)

3 The effect of SFBC pair spacing on the performance of SFBC-based control channel
SFBC based transmit diversity will be applied to DL control channel. In order to optimize SFBC performance it is desired that two adjacent REs are mapped as SFBC pair so that the channel change of the REs in each RE pair is minimized. This can be ensured if there is no RS hopping/shifting between different cells. However in some scenarios such as RS hopping/shifting where RS locations change cyclically along the frequency, the consecutive RE mapping can not be guaranteed for RE paring.  RE pairs for each SFBC code can be separated by a pilot. To investigate the impact of the non-adjacent RE mapping of SFBC pair we compare the performance of the following two scenarios for a 2x2 system:

· Secnario-1: Adjacent RE mapping of the SFBC pair: REs number 1, 4, 7 and 10 allocate the pilots for Tx antennas 1 and 2 and REs of number 2 and 3, 5 and 6, 8 and 9 and finally 11 and 12 carry four SBFC pairs*.
	P1
	D11
	D12
	P2
	D21
	D22
	P1
	D31
	D32
	P2
	D41
	D42


· Secnario-2: Non-adjacent RE mapping of SFBC pair: REs number 2, 5, 8 and 11 carry the pilots while SFBC pairs are 1 and 3, 4 and 6, 7 and 9 and finally 10 and 12*. 
	D11
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* P1 and P2 represent pilots from antennas 1 and 2 and Dxy shows the yth RE of the xth SFBC pair
In the first scenario, each pair is spaced by 15 KHz while in the second scenario, it is spaced by 30 KHz. With an Alamouti decoder, changes in the channel translate into some interference resulting in a higher noise level. For the second scenario, these changes are roughly twice as much as in the first scenario. However, with SNR working range of control channel, this has little impact on the performance because the interference caused by the imbalance in the channel coefficients is much lower than the noise level.

We assume that control channel is allocated over 9 RBs distributed over an entire band of 10 MHz. Each RB contains 8 REs of control channel (in the first OFDM symbol of the subframe) and channel coding is convolutional code of rate 1/3 and constraint of 7. The total number of information bits is 48 bits. Channel estimation is assumed to be perfect and the channel is TU 3 km/h.

Figure 5 shows the performance of the two systems in the aforementioned system model. As shown in the figure, the loss in the second scenario due to channel changes is about 0.1 dB and within simulation error range.
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Figure 5 Control channel performance comparison
4 Conclusions

· RE paring is required to enable SFBC based transmit diversity.
· The RE pairs in each CCE should span the entire frequency band and the whole N OFDM symbols to exploit frequency diversity and time diversity. 
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