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1. Introduction
In Evolved UTRA (E-UTRA hereafter), one-cell frequency reuse is essential to increase the system capacity as well as W-CDMA. Thus, the low-rate channel coding including repetition coding is necessary to shared data channel and L1/L2 control signaling for a UE located near cell edge to achieve the required received signal-to-interference plus noise power ratio (SINR). In this case, scrambling code is required to randomize interference from/to the surrounding cells. At the RAN1#47 meeting, cell-specific scrambling with one-to-one relation to physical-layer cell ID was agreed for BCH, PCH, and L1/L2 control signaling. Following the agreed issues on cell-specific scrambling code, this paper presents sector-specific scrambling code application to L1/L2 control signaling with CDM based multiplexing among multiple UEs employing adaptive phase control (rotational CDM) in E-UTRA downlink (note that we call cell within the same Node B sector in the paper). 
2. Scrambling Code for Reference Signal 
CDM-based orthogonal reference signal in the same Node B was agreed at RAN1 #46 meeting [1]. In the case, the combination of Node B-specific scrambling code and sector-specific orthogonal sequence such as Walsh-Hadamard sequence or phase-rotation orthogonal sequence is used [2]. Node B-specific scrambling code corresponds directly to cell ID.
We prefer the application of two-dimensional Node B-specific scrambling code sequence, in which scrambled sequence along the frequency domain with the length corresponding to the number of sub-carriers is cyclically-shifted by one chip in the time domain. 
To enable CDM based orthogonal reference signals within the same Node B, the sub-frame timings are aligned among sectors within the same Node B. We assume the synchronized sub-frame timings among sectors in the same Node B. 
3. Scrambling Code for L1/L2 Control Signaling
3.1. Sector-specific Scrambling Code for L1/L2 Control Signaling with Rotational-CDM

We have proposed CDM based multiplexing of multiple L1/L2 control channels with adaptive phase rotation (rotational-CDM) [3]. The CDM based multiplexing is advantageous in that the fluctuation of the interference to surrounding cells becomes smaller than FDM  or TDM based multiplexing particularly when the transmission power control (TPC) is applied. In the case, orthogonal sequence such as Walsh-Hadamard sequence is reused among sectors within the same Node B. Therefore, we propose to apply sector-specific scrambling code to L1/L2 control signaling. Figure 1 shows the simplified operation for multiplication of sector-specific scrambling code. Let us assume three-sectored cell. In the case, the three sector-specific scrambling code sequences for L1/L2 control signaling are uniquely generated from the cell ID similar to the Node B-specific scrambling code sequence for reference signals as shown in Fig. 2. That is to say, the sector-specific scrambling codes are generated one-to-three (or six) relation from the cell ID, which follows the agreed conclusion at RAN1#47 meeting. 
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Figure 1 – Simplified operation of multiplication of sector-specific scrambling code
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Figure 2 – Generation principle of sector-specific scrambling code for L1/L2 control signaling

3.2. Sector-specific Scrambling Code Sequence
TDM based multiplexing of L1/L2 control signaling symbols with shared data channel was agreed at the RAN1#47 meeting [7]. TDM based multiplexing is beneficial to power saving effect by micro-sleep operation for a UE which demodulates and decodes only L1/L2 control signaling bits and to reduction of the processing delay of the following shared data channel belonging to the same TTI duration [4]. Figure 3 shows an example of sector-specific scrambling code for L1/L2 control signaling with TDM based multiplexing. In the example, we assume that the L1/L2 control signaling symbols are multiplexed into the first and second OFDM symbol duration at each TTI duration (= 1.0 msec). As shown in the figure, the length of the sector-specific scrambling sequence along the frequency axes corresponds to the number of sub-carriers in the one L1/L2 control channel block. 
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Figure 3 – Example of sector-specific scrambling code for L1/L2 control signaling with TDM based multiplexing
4. Conclusion
Scrambling code is necessary to L1/L2 control signaling symbols employing the repetition coding. 
This paper proposed sector-specific scrambling code for L1/L2 control signaling symbols using rotational CDM, which was uniquely generated from the cell ID similar to the Node B-specific scrambling code for reference signal.
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