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1. Introduction
The TDM-based multiplexing of L1/L2 control signaling bits with shared data channel was adopted in the downlink at RAN1 #47 meeting [1] and the basic design for downlink control channel structure is given in [2]. Following the agreed issues in [2], contributions [5] and [7] present resource element (RE) multiplexing scheme of L1/L2 control signals using the hybrid of FDM and CDM (i.e., hybrid FDM/CDM) in downlink. In [4-5], CDM based multiplexing of L1/L2 control channels is proposed and the related techniques to achieve high quality are shown. This contribution proposes to apply Rotational CDM for L1/L2 Control Channel Signaling in E-UTRA Downlink
After the latest RAN1#49bis meeting in Orlando, [3] the following have reached agreement: The downlink control signaling consists of
· PCFICH, always in the first OFDM symbol

· PHICH, one or several, number of PHICHes semistatically configured.

· Located in the first or all three OFDM symbols

· PDCCH, number of PDCCHes dynamically varying, spans 1, 2 or 3 OFDM symbols
How to mapping and multiplexing these control channels are still issues in the ongoing email discussions. We proposed to use hybrid FDM and CDM.
2. Multiplexing of L1/L2 Control Signals Using Hybrid of FDM and CDM
In the proposed Hybrid FDM/CDM multiplexing method [5,7], the following benefits of FDM and CDM multiplexing are gained simultaneously. First, using distributed FDM REs over the wide transmission bandwidth, large frequency diversity effect is obtained. Moreover, CDM based multiplexing is beneficial to mitigating the fluctuation of transmission powers of L1/L2 control signaling symbols, i.e., interference offered to neighboring cells. To reduce fluctuation of interference from the neighboring cells and to obtain further frequency diversity affect, frequency domain spreading is preferred. Since we use block spreading with the small number of spreading factor value, the influence of inter-code interference is small. Even with the small spreading factor value, inter-code interference may occur when the delay spread value is large. Thus, we apply rotation-CDM [4] to the multiplexing of multiple L1/L2 control signaling streams.
3. Rotational-CDM and its application to L1/L2 Control Signaling
3.1. A brief overview of rotational-CDM

An illustrative block diagram of rotational CDM (R-CDM) is as shown in Figure 1, where R-CDM coverts modulation symbols, A and B, into sub-carrier symbols X and Y, when the dimensional factor D = 2, as follows.
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Figure 1.  An illustrative block diagram of Rotational CDM
Here, where θ1 is a rotation angle. 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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If 
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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 
[image: image6.wmf]1

4

qp

=

, 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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3.2. Applications of rotational-CDM

We have proposed rotational-CDM to reduce inter-code interference in CDM based physical channels [4]. The inter-code interference is a tradeoff relation to averaging effect of fluctuation in the received level over spreading code length, i.e., frequency (or time) diversity effect. Thus, the best PER performance is gained from the tradeoff relation between the suppression of inter-code interference and obtained frequency (or time) diversity effect. In the proposed scheme, by adaptively control the phase rotation of multiplexed code channels according to the extent of frequency (or time) selectivity etc., the optimum PER performance is gained. 
Therefore, we propose to apply the adaptive phase rotation control of multiple L1/L2 control information streams in addition to the block interleaving after spreading as shown in Figure 2. By employing the combination of block interleaving after spreading and adaptive phase rotation control, the inter-code interference is suppressed to the slight level while frequency (or time) diversity effect is obtained to some extent. The adaptive phase rotation is applicable to TDM-based multiplexing structure of L1/L2 control information with shared data channel suffering from frequency or time selectivity due to delay spread or Doppler, respectively. Moreover, Figure 3 shows the block diagram of adaptive phase rotation control when the OVSF code is employed the different spreading factor values.

Figure 2 – Adaptive phase rotation control for CDM based L1/L2 control channels

Figure 3 – Adaptive phase rotation control for CDM based L1/L2 control channels with different spreading factor values
4. Control Signaling for Rotational-CDM

In the rotational-CDM, the optimum phase rotation is at a Node B. Then, Node B transmits multiplex L1/L2 control information bits to different UEs with the calculated optimum phase rotation. The phase rotation value is necessary for demodulation of L1/L2 control information bits using MMSE receiver at a UE. Thus, the phase rotation value is carried by downlink control channel. However, it should be noted that the phase rotation value is necessary at very infrequency interval or only at the beginning of channel setup. This is because it is sufficient that the phase rotation value is decided from the average delay spread value in the frequency domain spreading or average Doppler frequency in the time domain spreading. Therefore, the impact of the rotational-CDM on the control signaling bits seems small. 

The non-primary broadcast information channel or L1/L2 control information channel can be used for transferring the phase rotation value. 

Performance evaluation of R-CDM to L1/L2 control signaling have been provided in [10,11]. 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.
5. Conclusion
This paper proposed adaptive phase rotation among CDM-based L1/L2 control information streams, to achieve the optimum PER from the tradeoff between suppression of inter-code interference and obtained frequency (or time) diversity gain. In the rotational-CDM, phase rotation value is informed UE by downlink control channel. However, it should be noted that the phase rotation value is necessary at very infrequency interval or only at the beginning of channel setup
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