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1. Introduction
In the previous Riga meeting, we introduced LGE’s preference on multiplexing method of DL ACK/NACK signaling [1]. We proposed CDM as multiplexing method for multiple ACK/NACK signals due to several benefits: The transmit power for ACK/NACK signal can be allocated more flexibly in CDM manner. CDM also has a benefit of interference averaging effect. In this paper, we evaluate proposed multiplexing method under the current numerology assumptions.
2. DL ACK/NACK signaling
In the previous meeting, we proposed CDM as multiplexing method for multiple ACK/NACK signals. We consider two options in transmission method in this paper.
· Distributed transmission: Single ACK/NACK signal is spread over whole bandwidth in a subcarrier-level distributed manner and multiple ACK/NACK signals are CDM-multiplexed.
· Localized transmission: Single ACK/NACK signal is spread over consecutive subcarriers in a localized manner and multiple ACK/NACK signals are CDM-multiplexed.
In the distributed transmission, multiplexed ACK/NACK signals can obtain frequency diversity. However, the orthogonality between different ACK/NACK signals should be maintained for reliable performance in CDM method. In the localized transmission, we can maintain the orthogonality between different ACK/NACK signals more easily, because channel response does not vary largely over localized ACK/NACK transmission band. In the localized transmission, frequency hopping between multiple localized bands can be also used for frequency diversity.
3. Performance evaluation
In order to evaluate performance of the multiplexing methods introduced in previous section, some link level simulations have been performed. We considered two cases in this simulation.

· Balanced TxP case: In this case, all of ACK/NACK signals are multiplexed with equal transmit power. 

· Imbalanced TxP case: In this case, all of ACK/NACK signals except for desired ACK/NACK signal are multiplexed with larger transmit power by 10dB compared to the desired ACK/NACK signal power.
In practical situation, the multiplexed ACK/NACK signals may have different transmit power levels by power control according to each UE’s pathloss, geometry and etc. So, we consider imbalanced TxP case in order to evaluate performances in practical situation. We assume the worst case that other ACK/NACK signals except for desired ACK/NACK signal have high transmit power compared to desired ACK/NACK signal in imbalanced TxP case. The simulation parameters and configurations are summarized in Table 1. In this simulation, we assume that there are 12 ACK/NACK signals and these ACK/NACK signals are multiplexed by Hadamard sequence. The exact number of ACK/NACK signals and code for actual deployment in E-UTRA is still FFS. The total transmission power is normalized for fair comparison.
Table 1. Simulation parameters and configurations
	Parameters
	Value

	Number of simulation
	100,000 TTIs

	Bandwidth
	5MHz

	Multiplexing code
	Hadamard sequence (length 12)

	Amount of resource used in ACK/NACK transmission
	Distributed and localized: 12 subcarriers
Localized with frequency hopping: 24 subcarriers for 2 hop transmission

	Channel model
	TU, Ped B

	UE speed (km/h)
	3km/h

	Channel estimation
	Ideal

	Number of antennas
	2 Tx, 2 Rx (CDD, MMSE receiver)
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(a) TU, Balanced TxP                                                          (b) TU, Imbalanced TxP
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(c) Ped B, Balanced TxP                                                          (d) Ped B, Imbalanced TxP
Figure 1. ACK/NACK transmission performance
In figure 1, the simulation results are shown. The distributed transmission has best performance in balanced TxP case due to frequency diversity. However, the localized transmission with hopping has similar performance with the distributed transmission, for example, at 10-2 BER points. In the imbalanced TxP case, the localized transmission with hopping has about 2.5 ~ 3dB performance gain over the distributed transmission. This is because the orthogonality between different ACK/NACK signals transmitted by distributed manner is destroyed as the transmit power imbalance between ACK/NACK signals for different UEs increases.
4. Conclusions
In this paper, performances of CDM multiplexing of DL ACK/NACK signaling are evaluated. In this evaluation, localized CDM multiplexing with frequency hopping shows good performances in general cases. Therefore, we propose to employ localized CDMA transmission with frequency hopping as multiplexing method of DL ACK/NACK signals.
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