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1. Introduction
Currently there are two candidates for the uplink CDMA-based multiplexing method for the L1/L2 control channels: the CAZAC-shift based method [1-3] and the block-spreading based method [4]. The E-mail discussion on the down-selection of these two candidates is ongoing. Our preference is the CAZAC-shift based multiplexing method. This contribution presents the reasons why we prefer the CAZAC-shift based multiplexing method to the block-spreading based method.

2. Candidates for Multiplexing Method

This section summarizes the two multiplexing methods. Figures 1(a) and 1(b) show the candidates for CDMA-based multiplexing method for the uplink L1/L2 control channels [5]. Since we believe that the multiplexing of ACK/NACK only channels and CQI feedback (and some MIMO related feedback) channels within the same resource unit (RU) is indispensable to bandwidth-efficient uplink control signaling, we assume a modified block-spreading based structure as indicated by the E-mail discussion moderator in this contribution.
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(a) CAZAC-shift based method
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(b) Block-spreading based method

Figure 1 – Candidate CDMA-based multiplexing methods
As was clarified in the E-mail discussion, the number of coded symbols per slot and that of the multiplexed CQI channels within a RU, assuming the structure as shown in Figs. 1(a) and 1(b), are given in Table 1. The table indicates that the CAZAC-shift based method is more advantageous than the block-spreading based method from the viewpoint of the number of multiplexed channels; however, the block-spreading based method can increase the number of coded symbols per slot to a higher value than the CAZAC-shift based method.

Table 1 – Comparison of number of coded symbols and that of multiplexed channels

	Method
	CAZAC-shift based
	Block-spreading based

	Number of coded symbols for CQI per slot
	5
	12

	Maximum number of multiplexed CQI feedback channels within RU 
	6
	4

	Number of reduced ACK/NACK channels for multiplexing one CQI channel
	3
	6


3. Reasons for CAZAC-Shift Based Multiplexing

We prefer CAZAC-shift based multiplexing method to the block-spreading based method for the reasons below.

· REASON 1: A larger number of multiplexed channels is obtained, thus better resource utilization for uplink L1/L2 control signaling is achieved.
· REASON 2: The achievable number of CQI bits is fundamentally expected to be very similar between the CAZAC-shift based approach and the block-spreading based method. This means that the increase in the number of coded symbols in the block-spreading based method does not directly contribute to an increase in the number of CQI bits.

REASON 1 is very clear from Table 1. Regarding REASON 2, a more detailed explanation is given hereafter. The uplink is basically power limited. Therefore, the fact that the block-spreading based method can transmit a 12/5 times larger number of coded symbols compared to that for the CAZAC-shift based method means that the SNR of the coded symbols for the CAZAC-shift based method is 12/5-larger than that for the block-spreading based method. Since the block-spreading based method must use 3 SC-FDMA blocks for the reference signal, the actual SNR difference is even larger than 12/5. Therefore, the CAZAC-shift based method can use a higher coding rate than the block-spreading based method. Thus, the difference in the number of CQI bits between the two methods becomes almost the same considering the same transmission quality of the CQI bits. It may also be noted that in a high mobility case, the orthogonality destruction in block-spreading will further reduce the number of CQI bits that can be transmitted with the required error rate in the block-spreading based method.


In addition to the above mentioned reasons, another advantage of the CAZAC-shift based method over the block-spreading based method is the increased inter-cell interference randomization capability obtained by using the CAZAC sequence as stated in our original proposal in [6].


Therefore, we prefer to employ the CAZAC-shift based multiplexing method as a basic multiplexing method. If we need to increase the number of CQI bits (including MIMO related feedback), we can do so at a cost of decreased coverage using a higher MCS or an increased feedback delay using a longer CQI feedback interval with a longer TTI for one CQI feedback as presented in [7].

4. Conclusion

This contribution presented our preference for CAZAC-shift based multiplexing for uplink L1/L2 control signaling. The main reasons for selecting the CAZAC-shift based multiplexing method over the block-spreading based method are summarized below.

· A larger number of multiplexed channels is obtained, thus better resource utilization for uplink L1/L2 control signaling is achieved.
· Nearly the same number of CQI bits as in the block-spreading based method is achieved assuming the same transmission quality (error rate) for the CQI bits.
Therefore, we recommend employing the CAZAC-shift based multiplexing method for the uplink L1/L2 control channel in the E-UTRA.
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