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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. This contribution presents the actual hybrid FDM/CDM multiplexing scheme of ACK/NACK signals of multiple UEs in E-UTRA downlink.
2. Features of Proposed Hybrid FDM/CDM Based Multiplexing for 
ACK/NACK Signals of Multiple UEs

We propose hybrid FDM/CDM multiplexing scheme for ACK/NACK signals of multiple UEs as followings.

· Hybrid FDM/CDM multiplexing is used.
· Distributed (interleaves) transmission of block-wised ACK/NACK signals

ACK/NACK signals of multiple UEs are block-wised into integer times of four resource elements (REs). Then, the block-wised ACK/NACK signals are multiplexed with PDCCH in distributed manner (i.e., interleaved manner). Figure 1 illustrates the multiplexing scheme of ACK/NACK signal of one UE. As shown in the figure, the ACK/NACK symbols of one UE are multiplexed into different RE block to obtain large frequency diversity gain.
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Figure 1 – Mapping of ACK/NACK signal of a UE

· 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.
· Repetition factor (RF)

The RF value is changed from 1 to e.g. 16 according to channel condition of each UE.
· Control method of RF value
Two methods are considered for controlling RF values for ACK/NACK signals of multiple UEs: adaptive (variable) RF values or common RF value.
(1) Variable RF values among UEs
· Received quality of ACK/NACK signal is controlled by changing the RF value and/or transmission power according to the channel condition of each UE.
· More efficient RE assignment is possible according to the number of multiplexed UEs and RF value of each UE in the same sub-frame compared to constant RF controlling. 

· The required REs are pre-decided according to the RF value to avoid blind detection at a UE.
· The RF value is informed to each UE by high-layer control signaling.
(2) Common RF value among UEs

· Common RF value is used for all ACK/NACK signals. Thus, the received quality of ACK/NACK signal is controlled only by transmission power control according to channel condition of each UE.
· Efficiency of REs in common RF value is worse than that of variable RF value among UEs, because maximum REs for the worst channel condition UE are reserved.
· One common RF value is assigned to all ACK/NACK signals of multiplexed UEs.

· The common RF value is informed to UEs by high-layer control signaling or D-BCH control signaling.
· Spreading Factor (SF) value
· Maximum SF value is 4.  

· The CDM of the different SF values is used by OVSF as well as that of the same SF value.
· The SF value for each UE is informed by high-layer control signaling.
2.1. Examples of Multiplexing of L1/L2 Control Symbols Using Hybrid FDM/CDM
In the section, we present some examples for hybrid FDM/CDM multiplexing of ACK/NACK signals of multiple UEs. 
First, Figure 2 illustrates the FDM based multiplexing of ACK/NACK signals of multiple UEs within one RE block assuming variable RF value for each UE.  REs are assigned to each UE from the pre-decide relation with CCE of uplink grant. The RF value is changed according to the channel condition of each UE. In the case of Figure 2(a), symbols in time domain are used for increasing RF value while keeping the same number of REs in frequency domain. Meanwhile, in the case of Figure 2(b), the RE fields for respective RF values are pre-decided from the CCE of uplink grant.  
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(a) Method to use symbols in time domain when RF is increased
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(b) Method to reserve symbols according to respective RF values

Figure 2 – FDM based multiplexing of ACK/NACK signals of multiple UEs within one RE block assuming variable RF value for each UE
Similarly, Figure 3 shows the examples of FDM based multiplexing of ACH/NACK signals assuming common RF value for all UEs. Figures 3(a) and (b) show the examples when the one or two OFDM symbols are used from the PCFICH information. In the cases, the common numbers of REs are assigned to all UEs. Then, the received quality according to channel condition of each UE is controlled by changing the transmission power per RE. 
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(a) Example when one OFDM-symbol duration is assigned to L1/L2 control signals
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(b) Example when a two-OFDM-symbols duration is assigned to L1/L2 control signals
Figure 3 – FDM based multiplexing of ACK/NACK signals of multiple UEs within one RE block assuming common RF value for all UEs
Then, Figures 4 and 5 show the examples of hybrid FDM/CDM based multiplexing of ACH/NACK signals assuming variable RF value for each UE or common RF value for all UEs, respectively.  Similar to FDM only case, the REs of each UE is pre-decided from the relation with CCE of uplink grant. 
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Figure 4 – Hybrid FDM and CDM based multiplexing of ACK/NACK signals of multiple UEs within one RE block assuming variable RF value for each UE, 
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Figure 5 – Hybrid FDM/CDM based multiplexing of ACK/NACK signals of multiple UEs within one RE block assuming common RFs for all UEs
Finally, Figure 6 shows the example of hybrid FDM/CDM based multiplexing of ACK/NACK signals with different SF values using OVSF principle. By using OVSF, the efficient RE usage is possible for the change in the number of UEs with different channel conditions.
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Figure 6 – Hybrid FDM/CDM based multiplexing of ACK/NACK signals of multiple UEs within one RE block for ACK/NACK signals assuming variable RF value for each UE, OVSF
3. 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. 
· Distributed (interleaved) transmission of block-wised ACK/NACK signals is used for obtaining large frequency diversity.
· REs for ACK/NACK signal are pre-decided from the CCE of uplink grant.
· RF value is changed from 1 to e.g. 16 according to channel condition of each UE.
· Two methods are considered for controlling RF values for ACK/NACK signals of multiple UEs: adaptive (variable) RF values or common RF value.
· Maximum SF value is 4.  The CDM of the different SF values is used by OVSF as well as that of the same SF value. 
· The RF and SF values for each UE are informed by high-layer control signaling.
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