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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] and offline discussion of RAN1 #50 meeting [3-4]. Following the agreed issues in [2], previous contribution [5] presented resource element (RE) multiplexing scheme of physical downlink control channel (PDCCH) such as downlink grant or uplink grant using the hybrid of FDM and CDM (i.e., hybrid FDM/CDM) in downlink. In addition to [5], this contribution considers agreed CCE-RE mapping issues [12-13] as well as the email discussions post RAN1#51 meeting. 
2. Multiplexing of PDCCHs of Multiple UEs Using Hybrid of FDM and CDM
In [2], the basic design for downlink L1/L2 control channel is summarized.  A control channel element (CCE) or a set of CCEs are mapped to resource elements (REs). Hybrid FDM/CDM multiplexing of multiple ACK/NACK signals (PHICH) was agreed in [6] based on [7]. However, how to multiplex of PDCCHs of multiple UEs is still open issue.
2.1. Features of Proposed Hybrid FDM/CDM Based Multiplexing
We propose hybrid FDM/CDM multiplexing scheme of PDCCH signals to different UEs as followings.

· Hybrid FDM/CDM multiplexing is used. 
· Reducing fluctuation of transmission power: 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 PDCCH 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 (SF = 4, as agreed in [3], the influence of inter-code interference is small. However, inter-code interference may occur when the delay spread value is large even with the small spreading factor value. Thus, we apply Rotational CDM [8-9] to the multiplexing of PDCCHs to different UEs.
· Flexible multiplexing of PHICH and PDCCH: The remaining RE after assigning to PCFICH and PHICH is assigned to PDCCH. The number of PHICH varies according to the number of UEs with uplink data transmission. Thus, it is beneficial to employ the same multiplexing scheme between PHICH and PDCCH. This is because that the PHICH and PDCCH are flexibly multiplexed using the different RE in frequency domain or different code in code domain in the same transmission bandwidth. 
· Repetition is used to increase the required received SNR according to the channel condition of each UE. The repetition factor (RF) value is 4 as same as in PHICH.
2.2. Examples of Multiplexing of PDCCH Symbols Using Hybrid FDM/CDM
We present some examples of actual hybrid FDM/CDM multiplexing of PDCCH signals. 
First, Figure 1 illustrates the FDM based multiplexing of multiple REs following the design concept in [2-3, 10], where the PDCCH signals of a UE is mapped to one or several mini-CCE (of 4 REs). As shown in Figure 1, the distributed FDM based multiplexing is preferred to gain large frequency diversity effect over wide transmission bandwidth. But, note that the sub-carrier spacing in the same OFDM symbol for the same RE is not necessarily the same.   
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Figure 1 – FDM based multiplexing of PDCCH signals
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Figure 2 – Hybrid FDM/CDM based multiplexing of PDCCH signals


Figure 2 shows the proposed hybrid FDM/CDM multiplexing scheme. In the hybrid FDM/CDM, the one RE in Figure 1 is further spread and then, CDM-based-multiplexed with other REs.  As in Figure 1, where the PDCCH signals of a UE is mapped to one or several mini-CCE (of 4 REs). Compared to FDM only, the fluctuation of interference to the surrounding cells, when the transmission power control (or power boosting) is applied [11], is suppressed to the low level. Moreover, since the spreading factor in frequency domain is 4 at most, the influence of inter-code interference is small. However, inter-code interference may occur when the delay spread value is large even with the small spreading factor value. Moreover, even though the mini-CCE is mapped to different frequency band of the first OFDM symbol, inter-code interference may exist between different mini-CCE blocks, in this situation, R-CDM can be applied to reduce inter-code interference.

3. Conclusions
This paper proposed hybrid FDM/CDM based multiplexing of multiple PDCCH signals for different UEs. In the hybrid FDM/CDM, the fluctuation of interference to the surrounding cells is suppressed to low level compared to FDM only multiplexing. Moreover, the flexible and high-quality CDM based multiplexing is achieved using the following techniques. 
· We apply combination of TPC and adaptive channel coding rate control including repetition factor.
· We apply adaptive phase rotation among CDM-based PDCCH signals to achieve the optimum PER from the tradeoff between suppression of inter-code interference and obtained frequency (or time) diversity gain. 
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