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1. Introduction
At the RAN1 #48bis meeting, the following aspects of mapping Control Channel Elements (CCE) to Resource Elements (RE) were agreed [1]:
- Control Channel is formed by the aggregation of CCEs
- CCE is mapped into a set of REs in the first n<=3 OFDM symbols of the sub-frame and
- the payload size of CCE is approximately 40bits in 5MHz.
The above agreement implies that the signaling overhead for low code rate PDCCH is not negligible (e.g. 36 REs per 1 CCE resulting in 144 REs for 4 CCEs and 288 REs for 8 CCEs). Hence an effective signaling overhead reduction strategy is to employ some sort of orthogonalization when allocating the resource in cells associated to a common NodeB.
In this document, we focus on the mapping rule of the low code rate CCEs (4 or 8 CCEs aggregated case) to REs. As one of the solution for the above issue, we introduce CDM-based orthogonalization between the cells in the same NodeB. In the proposed method we budget the part of repetition in channel encoding to the orthogonal sequence. This proves to be more effective in the lower channel coding rate case.
Simulation results, presented in this contribution, show that there are significant gain in the 4 CCEs aggregation case at the cell boundary compared to the case of distributed mapping without CDM.
2. CDM-based structure for low-rate PDCCH
Figure 1 illustrates the proposed mapping rule.
Assume 4 CCEs aggregation case (R=1/6). After channel encoding of rate 1/3, the coding rate is adjusted to 1/2 by the rate matching, followed by interleaving. And then 3 times repetition is employed to multiply the orthogonal sequence. Note that those sub-carriers have to be allocated among the time/frequency area where the channel response is highly correlated. Then, a set of REs multiplied by orthogonal sequence are allocated in the identical sub-carriers among the adjacent cells in the same NodeB.
In general, in the cell interior the performance of the randomized allocation outperforms that of the CDM-based allocation. The reason is that, for the randomized allocation, since interleaving process distributes the original transmit signal across the entire frequency band, the frequency diversity effect is introduced. On the other hand, since the CDM-based allocation employs small number of repetition before interleaving process, the above effect is limited.
However, at the cell boundary in the same NodeB, the performance of the randomized allocation significantly degrades, since almost half of the received signal is interference. On the other hand, the CDM-based allocation doesn't degrade the performance around the cell boundary, since the CDM orthogonalization suppress the interference.
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Figure. 1: CE to RE mapping scheme
3. Performance Evaluation
We evaluated the performance of CDM-based structure for low-rate PDCCH. We compared the following two schemes as described in section 2.
 Scheme-1: Randomized allocation between CEs of adjacent cells [2]
 Scheme-2: CDM-based allocation between CEs of adjacent cells (Proposed)
In Scheme-1, REs are distributed in time-frequency grid as much as possible across the entire bandwidth and all OFDM symbols are used for PDCCH transmission in order to maximize frequency diversity. 
3.1. Simulation parameters

Simulation parameters are described in Table 1. Assuming that the CCE payload size is 50 bits and coding rate is 1/6, the aggregated 4 CCEs are mapped into 150 REs (sub-carriers). In this simulation, we simply assume that RE is allocated in every other sub-carrier and the adjacent REs are staggered by one symbol. The frame format is described in Figure 2.　Layout of cells in the same NodeB is illustrated in Figure 3. We calculated the relative power differences based on the antenna pattern defined in TR25.814. In this manner, the relative power differences are decided only by azimuth angle associated to the main cell as shown in Figure 4. Azimuth angle ranges from 0 to 60 degree. In the case of 0 degree, the power of cell-1 is dominant. In the case of 60 degree, the powers of cell-1 and cell-2 are the same. In scheme-1, UE can receive either cell-1 or cell-2. Then the signal from the other cell becomes interference.
Table 1: Simulation parameters

	bandwidth
	5MHz (300 sub-carriers)

	Sub-carrier spacing
	15kHz

	Data modulation
	QPSK

	Channel coding
	Convolutional coding with 64 states (K=7) and tailbiting.

One mother code rate: 1/3

	Channel coding rate
	1/6 (assuming 4 CCEs aggregation)
For Scheme-2, coding rate 1/2 and 3 times repetition after interleaving

	Number of Rx antenna
	2 (MRC)

	Number of Tx antenna
	1

	Number of cells

in the same NodeB
	3

	FFT timing detection
	Ideal

	Channel estimation
	Ideal

	Power control of PDCCH
	OFF

	CCE payload size
	50 bit

	Channel Model
	Typical Urban 6 path

	UE speed
	3km/h (fD=5.55Hz)


[image: image2.emf]Cell  1

Cell  2

Reference Signal

PDCCH for UE A in Cell1

PDCCH for UE B in Cell2

Random

Scheme-1 :

[image: image3.emf]Cell 1

Cell 2

Orthog-

onal

Scheme-2:


Figure. 2: PDCCH format
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Figure. 3: cells in the same NodeB
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Figure. 4: antenna pattern of each cell in the main cell
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Figure 5: simulation results (TU6, fD=5.55Hz)
3.2. Simulation results
Simulation results are given in Figure 5. In this figure, the azimuth angle in the main cell is plotted in the horizontal axis against the signal power over noise power in the vertical axis. The signal power corresponds to the received signal power from cell-1. The received signal power from cell-2 and cell-3, which are decided based on the antenna pattern, are implicitly expressed by the azimuth angle.
The simulation results show that Scheme-1 performs better than Scheme-2 at the cell interior in 0.8dB. However a crossover in performance occurs at an azimuth angle of approximately 50 degree i.e. cell boundary. At the cell boundary in the same NodeB, Scheme-2 outperforms Scheme-1 by approximately 3.5dB. This is due to the fact that CDM orthogonality suppresses the interference at the cell boundary and the amount of the gain becomes larger than the lost frequency diversity gain towards the cell edge.
4. Summary
The signaling overhead of low code rate PDCCH is not negligible. Hence an effective signaling overhead reduction strategy is to employ some sort of orthogonalization when allocating the resource in cells associated to a common NodeB.

As a solution to the above issue, we propose CDM-based orthogonalization between the cells in the same NodeB. This method is to budget the part of repetition in channel encoding to the orthogonal sequence.
Simulation results show that there is significant gain in the 4CCEs aggregation case at the cell boundary in the same NodeB compared to distributed mapping without CDM.
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