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1 Introduction
At the previous meeting in Kobe, progress was made in determining the structure of the control channel [1].  It was decided that the CCE to RE mapping would involve the steps illustrated in Figure 1 below.  In [2] we discussed the RE mapping of CCE. In this contribution we further discuss the RE mapping of the PDCCH.

Figure 1 CCE-to-RE Mapping
2 RE mapping for CCFI (Cat0) 
It has been decided that the CCFI will be represented by a length 16 QPSK sequence.  To achieve full diversity this sequence should be transmitted by four RE groups which are distributed across the whole frequency band. Each RE group consists of 4 consective REs (skiping REs assigned to RS). These REs would be reserved and thus CCE mapping would bypass these RE’s in the final stage shown in Figure 1.  SFBC or SFBC-FSTD should be used depending on the number of transmit antennas.  
3 RE mapping for ACK/NACK 

The amount of the protection given to the ACK/NACK must significantly higher than other channels as it will have a direct impact on the resisdual BLER.  Therefore ACK/NACK channel should be decoded indepently from the CCFI. Same RE mapping scheme as CCFI can be applied to ACK/NACK. SFBC or SFBC-FSTD should be used depending on the number of transmit antennas.   
Figure 2 gives an example of the RE mapping schemes described above. It should be mentioned that each ACK/NACK channel can be transmitted over m OFDM symbols to enable more power boosting for cell edge UE. However M should be pre-defined to allow UE to decode ACK/NACK indepently from the decoding of CCFI.
[image: image1.emf]Control

Channel

Symbols 

Frequency

RS for Tx1/Tx3/Tx2/Tx4

CCE(1) CCE(2)

DL Control Channel Element

DL Control Channel for different UEs

UE-1 UE-2 UE-3 UE-K

CCE(3) CCE(4)

CCE(5) CCE(6)

CCE(L+N)

DL Control Channel RE group

Grouping into CCE

ACK/NACK RE CCFI (Cat0) RE

Grouping 4 consecutive REs

CCFI

ACK/NACK

UE-1 UE-2 UE-3 UE-K

Mapping of CCE to UE

Multiplexing of ACK/NACK

Control

Channel

Symbols 

Frequency

RS for Tx1/Tx3/Tx2/Tx4

CCE(1) CCE(2)

DL Control Channel Element

DL Control Channel for different UEs

UE-1 UE-2 UE-3 UE-K

CCE(3) CCE(4)

CCE(5) CCE(6)

CCE(L+N)

DL Control Channel RE group

Grouping into CCE

ACK/NACK RE CCFI (Cat0) RE

Grouping 4 consecutive REs

CCFI

ACK/NACK

UE-1 UE-2 UE-3 UE-K

Mapping of CCE to UE

Multiplexing of ACK/NACK


Figure 2 RE mapping for DL control signalling channel
4 The effect of SFBC pair spacing on the performance of SFBC-based control channel
SFBC based transmit diversity will be applied to DL control PDCCHhannel. 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*.
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· 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*. 
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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 3 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 3 Control channel performance comparison
5 Conclusions
The RE mapping for CCFI and ACK/NACK is discussed. We recommend to constructing PDCCH based on the RE group which consists of 4 consective REs. For CCFI full frequency diversity can be obtained by mapping CCFI channel to RE groups distributed over the whole bandwidth. For CCE (and ACK/NACK) both frequency diversity and time diverisity can be obtained by mapping them to RE groups distributed across the whole bandwith over multiple OFDM symbols. Another advantage to transmit CCE and ACK/NACK over more than one OFDM symbol is the flexibility of power management. 
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