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1. Introduction

In [1], the orthogonal CDM-based multiplexing of multiple ACK/NACK and CQI bits from the different UEs without an uplink data channel within the exclusively assigned narrowband time-frequency regions was proposed. In the scheme, orthogonal CDM-based multiplexing is achieved through using the combination of applying cyclic-shift of a CAZAC sequence on the LB and block modulation between LBs. The maximum number of multiplexing UEs that can transmit ACK/NACK bits within a TTI is determined by the number of orthogonal multiplexing codes, that is, the number of cyclic-shifted CAZAC sequences. If delayed paths of the own channel and those of other UE channels exceed the cyclic-shift duration, the receiver cannot distinguish whether the received signal is own signal or other user’s one. As a result, the number of multiplexing UEs by using cyclic-shift of a CAZAC sequence is limited to around 4 at the most [2].
To enable flexible sequence assignment for ACK/NACK signaling as well as reference signal, the large number of available sequences is desirable. However, the number of original CAZAC sequences depends on the sequence length, i.e., block length. Moreover, as we described, the number of cyclic-shifted sequences generated from the original CAZAC sequence is small. Therefore, in order to increase the number of supportable UEs, this paper proposes the combination of cyclic-shifted CAZAC sequence application to each LB and Walsh-Hadamard sequence multiplication between multiple LBs in CDMA-based multiplexing of multiple ACK/NACK bits in E-UTRA uplink. The similar method was proposed as block-spreading in [3]. 
2. Combination of Cyclic-Shifted CAZAC Sequence Multiplication at Each LB and Walsh-Hadamard Sequence Multiplication between Multiple LBs 

2.1. Application of cyclic-shifted CAZAC sequence to each LB
Figure 1 shows the multiplexing scheme for ACK/NACK and CQI bits from the different UEs [1]. Different UEs within the same cell use the same CAZAC sequence and satisfy the orthogonality with different cyclic-shift values of CAZAC sequence. The same data modulation is multiplied within all samples in one LB to maintain the orthogonality among UEs, and the block modulation pattern among multiple LBs over 1-msec TTI indicates the control signaling (ACK/NACK, CQI, or both of them).
The maximum number of multiplexing UEs that can transmit ACK/NACK bits within a TTI is determined by the number of cyclic-shift of a CAZAC sequence. When delayed paths of the own channel and those of other UE channels exceed the cyclic-shift duration, the receiver cannot distinguish whether the received signal is own signal or other user’s one. As a result, the number of multiplexing UEs by using cyclic-shift of a CAZAC sequence is limited to around 4 at the most [2].
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Figure 1 – Basic principle of orthogonal CDM-based multiplexing of ACK/NACKs and CQIs from different UEs using cyclic-shift of CAZAC sequence and block modulation

2.2. Multiplexing of Walsh-Hadamard sequence between multiple LBs
In the power-limited condition at the cell edge, the repetition of modulated signal over multiple LBs is necessary to improve the received SINR. However, when the number of simultaneous accessing UEs is large, it is beneficial to increasing the number of orthogonal codes by reducing the repetition interval for UEs without power-limited conditions.

Then, in order to increase the number of supportable UEs, we propose the combination of cyclic-shifted CAZAC sequence application to each LB and Walsh-Hadamard sequence multiplication between the multiple LBs in CDMA-based multiplexing of multiple ACK/NACK bits in uplink. Figure 2 shows example when Walsh-Hadamard sequence with the spreading factor of four is multiplied over four LBs. As shown in the figure , we can increase the number of supportable UEs employing the same CAZAC sequence by the factor of SF (spreading factor over LBs).  
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Figure 2 – Basic principle of orthogonal CDM-based multiplexing using the combination of cyclic-shifted CAZAC sequence application to each LB and Walsh-Hadamard sequence multiplication between the multiple LBs
Figures 3 show an example of the multiplexing for ACK/NACK bits, CQI bits, and both types of bits based on orthogonal CDMA multiplexing, when the combination of cyclic-shifted CAZAC sequence application to each LB and Walsh-Hadamard sequence multiplication between the multiple LBs is applied. We assumed BPSK modulation and no channel coding for simplicity. In the example, when UE transmit an ACK message, “1” is multiplied to all LBs, while the UE transmitting a NACK message modulates “1” for all LBs. Figures 3(a) and (b) indicate the examples of ACK/NACK multiplexing when the SF value is four and two, respectively.  Furthermore, Figure 3(c) is an example when the spreading over multiple LBs is applied to a part of LBs. When the block spreading, i.e., combination of cyclic-shifted CAZAC sequence and Walsh-Hadamard sequence is applied for increasing the number of orthogonal code resources, the block spreading is applied to reference signal as pointed out in [3], [1].  In the way, according to location of a UE (i.e., distance from a cell site) and the necessity to accommodate large number of simultaneous orthogonal code domain resources, the spreading factor value, SF, in the block spreading can be adaptively controlled. The spreading factor of Walsh-Hadamard sequence can be informed UE via higher-layer control signaling.
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(a) Block spreading over all LBs, SF is four
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(b) Block spreading over all LBs, SF is two
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Figure 3 – Example of multiplexing for ACK/NACKs, CQIs and both of them
3. Conclusion
This paper proposed the combination of cyclic-shifted CAZAC sequence application to each LB and Walsh-Hadamard sequence multiplication between multiple LBs in CDMA-based multiplexing of multiple ACK/NACK bits in E-UTRA uplink. Employing the proposed method, the number of supportable UEs is increased. Therefore, according to location of a UE (i.e., distance from a cell site) and the necessity to accommodate large number of simultaneous orthogonal code domain resources, the spreading factor value, SF, in the block spreading can be adaptively controlled. The spreading factor of Walsh-Hadamard sequence can be informed UE through higher-layer control signaling.
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