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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. This contribution shows the performances of proposed scheme through the system-level simulation.
2. Applying R-CDM to L1/L2 Control Channel
It is possible for the timing of L1/L2 control channel of adjacent cells synchronize no matter Node Bs are synchronous or asynchronous. In this case, if TPC (Transmission Power Control) is applied to the L1/L2 control channel, the interference power (power of the external interference) changes as a result of TPC, the interference power during the communication becomes different to that when CQI was measured; therefore, it is impossible to guarantee the desired SINR, and the transmission performance of the L1/L2 control channel may be degraded.
One of the solutions to this problem is to make the interference uniformly distributed by applying CDM (Code Division Multiplexing) for the modulation symbol of the identical L1/L2 control channel. However, because of the trade-off relation between the inter-symbol interference and the uniformity of the interference from other cells, in case of traditional Walsh code, the spreading factor/rate is the only designing parameter, so the degrees of freedom of design is limited. On the other hand, if spreading multiplexing by real type rotational code is utilized, then the rotation phase also becomes a parameter, hence, the degrees of freedom of the design increases, therefore more suitable allocation can be expected.

Here, let us give a brief overview of Rotational CDM (R-CDM). As described in [3], when the dimensional factor D = 2, modulation symbols are converted into sub-carrier symbols by using the following real type rotational code:
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, then the signal becomes the same as that of the normal OFDM without code multiplexing. On the other hand, when
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, the real type rotational code is equivalent to Walsh code. In the case of 
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, the effect of interference uniformity becomes maximal, on the other hand, inter-symbol interference also become maximal. The rotational code can be expanded to higher dimensions as follows.
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Figure 1 illustrates a sub-frame structure of L1/L2 control channel. In the case, modulation symbols are spread into sub-carrier symbols only in the frequency domain. In this contribution, we describe the dimensional factor and rotation phase in the frequency domain as 
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Figure 1 – L1/L2 control channel assignment
3. System-Level Evaluation of the Rotational CDM for L1/L2 Control Channel
3.1. Adaptive Modulation and Coding Scheme
The link-level simulation parameters for calculation of target receiving Es/N0 are shown in Table 1.

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

	# 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 2 – Es/N0 vs. BLER at each coding rate

Figures 2 show the relation between Es/N0 and BLER performance at each coding rate. Here, we assume MMSE equalization with dispreading. According to the target receiving Es/N0 at 1% BLER, the Es/N0 range division of each MCS level in a specific MCS configuration is list in the Table 2. 
Table 2 – required receiving Es/N0 values with different coding rate at 1% BLER
	Coding rate
	Required receiving Es/N0 [dB]

	1/3 x 2 repetition
	-0.7

	1/3
	1.8

	1/2
	3.7

	2/3
	6.1


3.2. Transmission Power Control

The performances of the proposed scheme are evaluated with transmission power control (TPC). TPC for the L1/L2 control information channels are conducted as follows.

1. Firstly, we drop the UEs within the sector randomly.

2. We calculate the instantaneous received SINR of all UEs by taking the distance dependent path loss, shadowing, and instantaneous fading into account.

3. According to the SINR, TPC of L1/L2 control channel is performed. We assume ideal fast TPC, which tracks the instantaneous fading variation.
3.3. Simulation Conditions
Table 3 shows the system-level simulation parameters. The pre-assignment scheme is employed for frequency resource scheduling.
Table 3 – System-level simulation parameters

	System Bandwidth
	10.0 MHz

	Number of sub-carrier
	601

	Sub-carrier spacing
	15 kHz

	FFT size
	1024

	Sampling frequency
	15.36 MHz

	Sub-frame duration
	1.0 msec.

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

	Rotation dimension (Frequency)
	8

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter site distance (ISD)
	500 m 

	Minimum distance between UE and cell site
	35 m

	Transmission power per sector
	46 dBm

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

	Number of UEs per sector
	24

	UE speed
	30 km/h

	Doppler frequency
	56 Hz

	Number of receiver antennas
	2 (MRC)

	Distance dependent path loss
	128.1 + 37.6 log10(r)

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Noise figure
	9 dB

	Noise power density
	-174 dBm/Hz

	Control delay
	0 msec.

	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

	Channel model
	Typical Urban with 6 Rayleigh paths

	Channel estimation
	Realistic (linear interpolation)

	Channel interleave
	Block interleaving [4]

	Traffic model
	Full queue traffic


3.4. Simulation Results

Figure 3 and 4 show the outage probability and throughput performance. The performances are evaluated by changing the resource assignment schemes and the rotation phase f. Here, we assume that all the rotation phase 
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 take the same value for simplicity. It is found that the optimal value of f is around 
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 and the performances can be improved by adjusting the rotation phase appropriately.


Figure 3 – Outage probability

  

Figure4 – Throughput
4. Conclusion
This paper evaluates the performances of CDM based multiplexing scheme of multiple L1/L2 control information streams for different UEs through the system-level simulation. The simulation results show that the transmission performance can be improved by applying the proposed scheme with the appropriate rotation phase with the sub-frame structures of L1/L2 control channel in E-UTRA downlink. Further investigations show that the optimum rotational angles depend on only the MCS (i.e., the set of the coding rate and the modulation scheme) and are not affected by channel models, transmission bandwidth or the transmission order. Therefore, the memory size to store the optimum rotational angles can be reduced.
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