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1. Introduction

At the RAN1 #47bis Sorrento meeting, we agreed on the basic multiplexing method for the uplink L1/L2 control signaling bits based on a hybrid of CDMA and FDMA [1]. This contribution presents our views on a more detailed multiplexing method for the uplink L1/L2 control signaling bits such as ACK/NACK and CQI based on orthogonal CDMA using cyclic-shift of the CAZAC sequence.
2. Orthogonal CDMA-Based Multiplexing of ACK/NACK and CQI Bits
2.1. Principle of Orthogonal CDMA-Based Multiplexing of ACK/NACK and CQI Bits

The proposed orthogonal CDMA-based multiplexing of ACK/NACK and CQI bits is the extension of the orthogonal CDMA-based reference signal (RS) multiplexing using cyclic-shift of a CAZAC sequence [2]. The proposed orthogonal CDMA-based multiplexing of ACK/NACK and CQI bits is achieved as follows.

· Different UEs within the same cell use the same CAZAC sequence with different cyclic-shift values for SC-FDMA symbols.
· Different CAZAC sequences should be used at different cell sites, i.e., Node Bs.
· The same data modulation is multiplied within all samples in one SC-FDMA symbol to maintain the orthogonality among UEs ( Thus, the block modulation pattern among multiple SC-FDMA symbols over a 1-msec sub-frame indicates the control signaling (CQI, ACK/NACK, or both).
· The same transmission bandwidth for ACK/NACK and CQI is used to achieve orthogonality (note the possibility for using a separate transmission band for ACK/NACK and CQI is FFS).

Figure 1 shows examples of the proposed orthogonal CDMA-based multiplexing of ACK/NACK and CQI bits from different UEs. Compared to FDMA, orthogonal CDMA-based multiplexing achieves a larger randomization effect of the inter-cell interference. Therefore, our view is that orthogonal CDMA should have a higher priority than FDMA (as shown in Fig. 2).
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Figure 1 – Basic principle of orthogonal CDMA-based multiplexing of ACK/NACK and CQI bits from different UEs using cyclic-shift of CAZAC sequence and block modulation
(2 RSs per slot are assumed as an example)


Figure 2 shows examples of the multiplexing of ACK/NACK and CQI channels. When the number of ACK/NACK and CQI channels is small, orthogonal CDMA is used (top figure). The number of ACK/NACK and CQI channels that can be multiplexed using orthogonal CDMA is determined by the number of allowable cyclic-shifts, which depends on the delay spread and the accuracy of the uplink timing synchronization. For the UEs that transmit only ACK/NACK bits, the orthogonal covering sequence is also used. If the number of multiplexed ACK/NACK and CQI channels exceeds the number of allowable cyclic-shifts, an additional frequency band is assigned for ACK/NACK and CQI transmission and the same orthogonal CDMA is applied to the additional frequency band (middle figure). Finally, if an extremely large number of ACK/NACK and CQI channels should be multiplexed within a given frequency band, non-orthogonal CDMA can be used optionally by allocating a different CAZAC sequence (bottom figure).

The optimum transmission bandwidth of ACK/NACK and CQI channels should be determined considering the efficiency and achievable processing gain and the number of RS sequences. Considering the processing gain and the number of RS sequences, the transmission bandwidth of ACK/NACK and CQI channel should be approximately that of one resource block.
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Figure 2 – Multiplexing example for ACK/NACK and CQI channels based on orthogonal CDMA

Figure 3 shows an example of the block modulation for ACK/NACK bits, CQI bits, and both types of bits based on orthogonal CDMA multiplexing. Note that this example is only for illustrative purposes and we assumed BPSK modulation and no channel coding for simplicity. Higher order modulation such as QPSK achieves more flexible bit mapping. Also, channel coding, e.g., convolutional coding, can be applied to obtain a larger coding gain. In the example in Fig. 3, when the UE transmits an ACK message, “1” is multiplied to all SC-FDMA symbols except for that for RSs if used, while the UE transmitting a NACK message modulates “1” for all SC-FDMA symbols. When the UE transmits CQI or both CQI and ACK/NACK bits, different SC-FDMA symbols are modulated with different phases. Similar to HSDPA, by using repetition for the important bits, we can reduce the impact of decoding error. Since ACK/NACK and CQI are multiplexed using multiple SC-FDMA symbols, without using multicodes or multicarriers, the low PAPR property of single-carrier transmission is maintained.
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Figure 3 – Example of block modulation for ACK/NACK, CQI, and both 
(This figure is for illustrative purposes only. 2 RSs per slot are assumed as an example)
2.2. Use of Block Spreading to Increase Number of Multiplexed ACK/NACK Signals
The application of Walsh sequence-based block spreading [3] was proposed among multiple SC-FDMA symbols to achieve orthogonal CDMA [4]. If only block spreading is used, the randomization effect of other-cell interference by applying different CAZAC sequences to different cells is not achieved. Therefore, our view is that orthogonal CDMA using the combination of applying cyclic-shift of a CAZAC sequence to the SC-FDMA symbol and block modulation between SC-FDMA symbols should be the baseline. However, especially for low bit rate signaling such as the ACK/NACK transmission, additional use of block spreading (orthogonal covering) is beneficial in increasing the number of multiplexed UEs within the given bandwidth. Since the number of SC-FDMA symbols will not necessarily be a power of 2, a DFT (phase rotation) sequence or CAZAC sequence with cyclic-shift, which allows for an arbitrary sequence length, can be used as the block spreading sequence instead of the Walsh sequence. If the number of SC-FDMA symbols is a power of 2, Walsh sequence-based block spreading should be used for simple operation.
2.3. Coherent or Non-coherent Demodulation for ACK/NACK Signals
For the shared data channel, the use of frequency-domain channel equalizer based coherent detection using the RS is assumed to mitigate multipath interference (frequency selective fading). However, the transmission bandwidth of the ACK/NACK signal is narrow such as 180 kHz (1 RU), and since the bit rate of the ACK/NACK signal is very low, the overhead for the insertion of the RS becomes significant. Meanwhile, from the viewpoint of the number of multiplexed ACK/NACK channels, non-coherent detection without the RS is clearly more advantageous than coherent detection using the RS, since the number of multiplexed ACK/NACK channels for the case with coherent detection is limited by the number of the orthogonal RSs. This is motivation for the application of RS-less transmission of the ACK/NACK signal assuming non-coherent detection. Non-coherent ACK/NACK transmission was originally proposed by Texas Instruments in [5].

Although there were several contributions that compare the achievable performance of coherent and non-coherent demodulation of ACK/NACK signals [5-9], these contributions compared the simple hard-decision bit error rate (BER) of ACK/NACK signals. However, in a real system, we should detect DTX in ACK/NACK detection considering the decoding error in the downlink control signaling similar to that in HSDPA [10]. Therefore, the performance comparison should take into account the accuracy of the DTX detection. Down-selection between coherent or non-coherent detection should be done considering both the number of multiplexed ACK/NACK signals and the transmission performance including the DTX detection.
2.4. Radio Resource (CAZAC Sequence, Cyclic-shift Value, Orthogonal Covering Sequence, and Frequency) Allocation to ACK/NACK and CQI of Different UEs

This section briefly discusses the radio resource (CAZAC sequence, cyclic-shift value, orthogonal covering sequence, and frequency) allocation method to different UEs for the proposed orthogonal CDMA-based multiplexing method.

For UEs transmitting CQI, assuming that the CQI is transmitted periodically, the radio resources (CAZAC sequence, cyclic-shift value, and frequency) in addition to the sub-frame allocated for CQI transmission are pre-determined.
For ACK/NACK transmission, ACK/NACK transmission is requested for the UE to which the downlink shared data channel is allocated in the previous sub-frame. We propose to establish a pre-determined relationship between the downlink L1/L2 control channel index, which is used for some UEs to indicate the downlink radio resource (downlink shared data channel) assignment and the radio resources (CAZAC sequence, cyclic-shift value, orthogonal covering sequence, and frequency) used for ACK/NACK for that UE.

An example is given as follows. We assume that the broadcast channel (BCH) is used to inform UEs of a set comprising indexes of CAZAC sequences (#1 ~ #N), indexes of the allowable cyclic-shift values (#1 ~ #M), indexes of the orthogonal covering sequences (#1 ~ #K), and indexes of frequencies (#1 ~ #F) for ACK/NACK transmission where N, M, K, and F are the number of CAZAC sequences, that for the cyclic shifts, i.e., available number of cyclic-shifted sequences for each CAZAC sequence for ACK/NACK signal transmission, that for the orthogonal covering sequences, and that for the frequency bands, respectively. Then, assuming that the index of the downlink L1/L2 control channel for the UE is P (P is a natural number), the index of the CAZAC sequence, the index of the frequency, the index of the orthogonal covering sequences, and the index of the cyclic-shift value used for ACK/NACK transmission of that UE are determined as follows.
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Index of the orthogonal covering, 
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Index of the cyclic-shift value,


[image: image7.wmf]1

mod

)

1

(

)

)

1

(

)

)(

1

(

)

)(

1

((

+

-

=

-

+

×

-

+

×

×

-

-

=

M

P

M

k

K

M

f

F

K

M

n

P

m

                (4)

Using the above formulas, the resources are used according to the order illustrated in Fig. 2. By using the pre-determined one-to-one relationship, additional downlink signaling is not necessary to indicate the assigned resources for ACK/NACK.

3. Conclusion
This paper proposed the orthogonal CDMA-based multiplexing of multiple ACK/NACK and CQI bits from different UEs without an uplink data channel within the exclusively-assigned narrowband time-frequency regions. Orthogonal CDMA-based multiplexing is achieved through the use of a combination of applying cyclic-shift of a CAZAC sequence on the SC-FDMA symbol and block modulation between SC-FDMA symbols. Assuming orthogonal CDMA using cyclic-shift of a CAZAC sequence on the SC-FDMA symbol as the baseline, the block spreading can be additionally applied to increase the number of multiplexed ACK/NACK channels. It should be noted that the proposed orthogonal transmission of ACK/NACK and CQI can be extended to the orthogonality between cells within the same Node B (sectors).
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