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1. Introduction
Many proposals have been submitted and discussed for control information bits and structures of L1/L2 control channel in E-UTRA downlink. In [1][2], CDM based multiplexing of L1/L2 control channels is proposed and the related techniques to achieve high quality are shown. The performance of the proposed scheme can be improved by adjusting the rotation phase [3]. This contribution shows the performance of proposed scheme through simulations.
2. Link-Level Simulation Evaluations
In the simulation, we evaluate the block error rate (BLER) performances of L1/L2 control channel by changing rotation phase.
2.1. Simulation Conditions
The link-level simulation parameters are shown in Table 1. As shown in Figure 1, the L1/L2 control channel is mapped onto the 1st OFDM symbol with reference signals.
Table 1 – Link-level simulation parameters

	System bandwidth
	10.0 MHz

	Sub-frame duration
	1.0 msec.

	Sub-carrier spacing
	15 kHz

	Sampling frequency
	15.36 MHz

	FFT size
	1024

	Number of occupied sub-carriers
	601

	Symbol duration (useful data / guard interval)
	66.67 sec. / 4.75 sec.

	Rotation dimension
	8

	Rotation angle for rotational CDM
	0, 0.25 /4, 0.5 /4, 0.75 /4, 1.0 /4

	# of control information bits / user
	42 bits + 8 tailing bits

	Data modulation
	QPSK

	Channel coding rate
	1/3 x 2 repetition, 1/3, 1/2, 2/3

	Channel coding / decoding
	Tail-biting convolutional code (K=9) /

Viterbi decoding

	Detection
	MMSE 

	Number of receiver antennas
	2 (MRC)

	Channel model
	6-path Typical Urban

	UE speed
	30 km

	Doppler frequency
	56 Hz

	Channel estimator
	Realistic (linear interpolation)

	Channel Interleave
	Block interleaving [4]
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Figure 1 – L1/L2 control channel assignment 
2.2. Link-Level Simulation Results
Figures 2 show the relation between rotation phase angle and BLER performance at each coding rate. Here, we assume MMSE equalization with dispreading. From the figure, the BLER performance depends on the rotation phase, and the performance can be improved by adjusting the rotation phase appropriately. 
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Figure 2 – BLER Performance with MMSE equalization. (R=1/3, 2 repetition: Es/N0=6.5[dB],
R=1/3: Es/N0=4.0[dB], R=1/2: Es/N0=2.0[dB], R=2/3: Es/N0= -1.0[dB])
3. CDF of Transmission Power in Multi-Cell Environment
The performances of the proposed scheme are evaluated from the viewpoint of the required transmission power for the L1/L2 control information channels. The distribution of the required transmission power between subcarriers is evaluated in this simulation. The simulation methodology is shown as follows.

1. First, we drop the UEs within the sector randomly.
2. We calculate the instantaneous received SNR of all UEs by taking the distance dependent path loss, shadowing, and instantaneous fading into account.

3. According to the SNR, transmission power control (TPC) of L1/L2 control channel is performed.

4. Finally, at each subcarrier, we calculate the instantaneous required transmission symbol energy of the L1/L2 control information. The transmission power is normalized by the transmission energy of one symbol without TPC.
3.1. Simulation Conditions
In the simulation, we assume ideal fast TPC, which tracks the instantaneous fading variation. Table 2 shows the simulation parameters for calculating the instantaneous received SNR of the UEs. Note that inter-cell and inter-sector interferences are not considered in the evaluation. The pre-assignment scheme is employed for frequency resource scheduling. 

Table 2 – Simulation parameters

	System Bandwidth
	10.0 MHz

	Number of sub-carrier
	601

	Sub-carrier spacing
	15 kHz

	Sub-frame duration
	1.0 msec.

	Inter site distance (ISD)
	500 m 

	Minimum distance between UE and cell site
	35 m

	Number of UEs per sector
	2, 4

	Antenna pattern (horizontal)
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3dB = 70 degrees,  Am = 20 dB

	Distance dependent path loss
	128.1 + 37.6 log10(r)

	Penetration loss
	10 dB

	Shadowing standard deviation
	8 dB

	Data modulation
	QPSK

	Traffic model
	Full queue traffic


3.2. Simulation Results

Figure 3 shows the cumulative distribution function (CDF) of the normalized transmission power per subcarrier. It is found that as rotation phase becomes larger, the curve of CDF stands up steeper and the variance of the transmission power between subcarriers becomes smaller. It is expected that rotation phase contributes to relieving the inter-cell and inter-sector interferences.
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(a) # of UEs/sector = 2                                              (b) # of UEs/sector = 4
Figure 3 - CDF of Normalized Transmission Power at Subcarrier

4. Conclusion
This paper evaluates the performance of CDM based multiplexing scheme of multiple L1/L2 control information streams for different UEs through both simulations. The simulation results show that the BLER performance improves by adjusting the rotation phase appropriately. Furthermore, the phase rotation approach has a potential to relieve the inter-cell and inter-sector interferences. It is expected that the overall performance can be improved by adjusting the rotation phase optimally. To reveal the potential of the proposed scheme, further considerations, such as applying the AMC adaptive modulation and coding (AMC) should be required, and system level simulation results will be provided.
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