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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-UTTA uplink. The similar method was proposed as block-spreading in [3]. Since we apply orthogonal sequence multiplication over multiple LBs, the spreading time duration becomes longer than the case without spreading over multiple LBs. Then, inter-code interference occurs in the high mobility condition. Therefore, we apply our original rotational CDM to improve the transmission performance of ACK/NACK signaling bits.
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
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 E-UTTA 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 assign the independent modulation patterns on the three spreading blocks. Then, we can increase the number of supportable UEs employing the same CAZAC sequence. The number of supportable UEs becomes D (number of cyclic shifts) x SF (spreading factor over LBs) x M (number of modulation patterns after spread blocks). 
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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.  When BPSK modulation is used, 3 and 6 control signaling bits can be conveyed for the SF of 4 and 2. Similarly, 6 and 12 control signaling bits are conveyed with the SF value of 4 and 2 for QPSK modulation. Furthermore, Figure 3(c) is an example when the spreading over multiple LBs is applied to a part of LBs. In the power limited condition where UE is located near cell edge, BPSK modulation is used. In such a situation, the application of a part of block spreading is effective in carrying large number of control signaling bits.   
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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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(c) Block spreading over a part of LBs, SF is four
Figure 3 – Example of multiplexing for ACK/NACKs, CQIs and both of them
2.3. Application of adaptive rotational CDM

In the proposed scheme, ACK/NACK control information is spread over multiple LBs. Therefore, the orthogonality between Walsh-Hadamard sequences may be destroyed to some extent under the high Doppler frequency environment. Therefore, we propose to apply adaptive rotational CDM to the block spreading over multiple LBs.  By employing the adaptive rotational CDM, the inter-code interference of different UEs is mitigated [4]. Though the phase rotation information is informed to UE through downlink control channel, the impact of the additional phase rotation information is small [5].
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-UTTA uplink. Employing the proposed method, the number of supportable UEs is increased. Moreover, the rotational CDM improves the transmission performance of ACK/NACK control channel even under the highly Doppler frequency environment.
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