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1. Introduction
Hybrid FDM/CDM multiplexing of multiple ACK/NACK signals was proposed in [1], and then approved to be working assumption of multiplexing scheme for ACK/NACK signals.  This is because that hybrid FDM/CDM can reduce the influence of the fluctuated other-cell interference due to transmission power control (TPC) compared to FDM only based multiplexing [2]. 
The Working Assumption for PHICH (Physical Hybrid-ARQ Indicator Channel) structure was agreed in RAN1 #50 meeting in Athens [3]. Moreover, the detailed multiplexing schemes for PCFICH and PHICH were agreed in [4]. Following [3-4], and email discussions, this contribution presents the actual hybrid FDM/CDM multiplexing scheme of ACK/NACK signals of multiple UEs in E-UTRA downlink.
2. Agreed Issues on PCFICH and PHICH
The following issues were agreed for PCFICH and PHICH.
· One mini-CCE comprises 4 useful REs in frequency domain, and that the mini-CCEs be used as building block for PCFICH, PHICH and PDCCH 
· PCFICH resources are always reserved regardless of PHICH duration

· PCFICH is handled outside the interleaver for control channel mapping
· PHICH uses 3 mini-CCEs for both 1 and 3 OFDM symbol duration for unicast subframe. The OFDM symbol duration for PHICH is 1 and 2 in MBMSN subframe.
· Spreading factor (SF) is 4 for 1, 2, and 4 Tx antenna case for normal cyclic prefix (CP) duration, and SF = 2 or 4 for extended CP duration
· ACK/NACK bit repeated 3 times. Each repeated bit spread to generate the contents of one mini-CCE. 

3. Proposed PHICH Structure for Remaining Issues
· Pre-decided RE assignment for ACK/NACK signal: REs for ACK/NACK signal are pre-decided from the CCE (Control Channel Element) of uplink grant.
· The required number of PHICHs is changed according to the number of UEs with uplink data transmission. Thus, the REs should be efficiently used for PHICH and PDCCH. Then, we propose that the minimum numbers of PHICHs are reserved with fixed allocation and similarly, some REs are reserved for PDCCH. The remaining REs can be assigned to PHICH or PDCCH according to the required number of UEs with uplink data transmission. The assignments of REs to PHICH or PDCCH are conducted by high layer signaling. 
· It was given that 3 mini-CCE configuration is insufficient to support the required PER at the cell edge [6]. When 1-OFDM symbol duration is used, the power boosting is used to improve the received SNR for such a UE at the cell edge.
· When 3-OFDM symbol duration is used, there are two options. 
(1) To use 3-times repetition of 3-CCEs over 3-OFDM symbol duration in time domain without changing the number of UEs in the first OFDM symbol duration (see Fig. 1). 
(2) To reduce the number of UEs accommodated in each OFDM-symbol duration and to increase transmission power for e.g. 3 times, by power boosting (see Fig. 2).
Between the two options, we prefer the first one because using 3-times repetitions can reduce the transmission power fluctuation offered to surrounding cells.

· In the case of CDM between/among PHICHs, inter-code interference might exist between different mini-CCE blocks; inter-code interference may even occur within one mini-CCE duration in frequency domain. Rotational CDM (R-CDM) [2, 7] can be applied to reduce inter-code interference in CDM based physical channels.
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(a) An illustration with RE for Reference Signal omitted for simplicity.
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(b) An illustration with Reference Signal for Signal antenna case.
Figure 1 – Hybrid FDM and CDM based multiplexing of ACK/NACK signals using repetition in time domain assuming SF=4
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Figure 2 – Hybrid FDM and CDM based multiplexing of ACK/NACK signals using power boosting without changing bandwidth assuming SF=4
4. Conclusion
This paper proposed hybrid FDM/CDM based multiplexing of ACK/NACK signals of multiples UEs. Major features of the proposed scheme are as follows. 
· REs for ACK/NACK signal are pre-decided from the CCE of uplink grant.
· When 3-OFDM symbol duration is used, we prefer to use 3-times repetition of 3-CCEs over 3-OFDM symbol duration in time domain without changing the number of UEs in the first OFDM symbol duration 
· The required number of PHICHs is changed according to the number of UEs with uplink data transmission and then, the some REs are efficiently used either for PHICH or PDCCH
· R-CDM can be applied to reduce inter-code interference in CDM based physical channels.
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