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1. Introduction
In RAN1#48bis meeting, it was concluded that the downlink ACK/NACK structure would be in the form of hybrid of CDM and FDM. In this paper, we discuss on design of the downlink ACK/NACK channel and show simulation results on performance of CDM/FDM hybrid ACK/NACK multiplexing with various spreading and repetition factors.
2. Downlink ACK/NACK channel design
We consider following attributes for downlink ACK/NACK channel:
· ACK/NACK channel is located in the first OFDM symbol of subframe: We can have same ACK/NACK channel structure regardless the number of OFDM symbols for PDCCH [1].
· Localized CDM with f-domain repetition: As decided as working assumption in Malta meeting [2], we assume multiple DL ACK/NACK transmissions are CDM multiplexed within consecutive REs and then those CDM REs are repeated in frequency non-consecutive manner over system BW.
· Inter cell randomization: Inter-cell randomization on ACK/NACK channel is necessary by both cell-specific ACK/NACK to RE mapping and cell-specific scrambling.
· Spreading factor (SF) for CDM and repetition factor (RF) for f-diversity: As repetition factor increases, we can obtain more frequency diversity gain and more resource room for power sharing. However, we need more resource for ACK/NACK channel. In the spreading factor point of view, as spreading factor increases, we can achieve more interference randomization effect and more flexibility in sharing ACK/NACK transmission power between different UEs. However, if spreading bandwidth for CDM exceeds coherent bandwidth, performance degradation may occur due to destruction of orthogonality of multiplexing code. So, proper repetition factor and spreading factor should be investigated. 
In the following sections, we analyse ACK/NACK performance in the aspects of SF and RF. Then, we suggest an ACK/NACK channel structure.
3. Performance evaluation on spreading and repetition factor
In order to evaluate performance according to different spreading and repetition factor, some link level simulations have been performed. In practical situation, ACK/NACK signals to different UEs may have different transmit power levels by power control according to each UE’s pathloss, geometry and etc. So, we consider imbalanced transmit power cases also in order to evaluate performances in practical situation. We assume the several cases that the desired ACK/NACK signal has various transmit power as follows:

· If spreading factor is N, a desired UE has 1/N, 1/2N, and 1/4N power out of total ACK/NACK transmit power. Other UEs have equal power so that the remaining power is divided equally.

· In this simulation, spreading factor is set to be 4, 8, 12, and 24.
The simulation parameters and configurations are summarized in Table 1. In this simulation, repetition factors are set to 2, 3, and 4 where the number of REs used for ACK/NACK transmission is proportional to the repetition factor. However, the total ACK/NACK transmit power is normalized for fair comparison. We use SFBC only as transmit diversity scheme that is same with transmit diversity scheme for L1/L2 control signals that is agreed as working assumption in last meeting.
Table 1. Simulation parameters and configurations
	Parameters
	Value

	Number of simulation
	100,000 subframes

	Bandwidth
	5MHz

	Transmission method
	CDM
Hadamard sequence (length 4, 8, 12, and 24)

	Amount of REs used in ACK/NACK transmission
	8, 12, 16 REs (for 2, 3, 4 repetition) in SF 4 case
16, 24, 32 REs (for 2, 3, 4 repetition) in SF 8 case
24, 36, 48 REs (for 2, 3, 4 repetition) in SF 12 case
48, 72, 96 REs (for 2, 3, 4 repetition) in SF 24 case

	Channel model
	TU

	UE speed (km/h)
	3km/h

	Channel estimation
	Real, DFT-based

	Receiver
	MRC

	Number of antennas
	2 Tx, 2 Rx (SFBC)
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(a) 1/N power out of total transmit power
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(b) 1/2N power out of total transmit power
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(c) 1/4N power out of total transmit power
Figure 1 ACK/NACK performance (SF = 4, various RF and desired ACK/NACK Tx power)
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(a) RF = 3, 1/N power out of total transmit power
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(b) RF = 3, 1/2N power out of total transmit power
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(c) RF = 3, 1/4N power out of total transmit power
Figure 2 ACK/NACK performance (RF = 3, various SF and desired ACK/NACK Tx power)
In figure 1~2, the simulation results are shown. From the results we observe the followings:
· As repetition factor increases, performances become better in all of spreading factor. It is because more frequency diversity gain can be obtained when larger repetition factor is used. However, larger repetition factor needs more resource for ACK/NACK transmission. In our simulation results, 4 repetition case has only slightly performance gain compared to 3 repetition case. Therefore, we think 3 is proper repetition factor.

· As spreading factor increases, performance degrades in a Tx power imbalance case that desired UE has 1/4N power out of total transmit power. It is because the orthogonality between different ACK/NACK signals transmitted is destroyed more easily in more power imbalance situation. However, we can get gain in interference randomization and Tx power sharing as spreading factor increases. So, we think spreading factor can be set up to around 10 according to the simulation results.
4. Suggested DL ACK/NACK channel structure
According to the performance evaluation results, we suggest to have SF=4 and RF=3 for ACK/NACK channel in case of 2 Tx antennas, which is compatible with CCE mapping as shown in Figure 3.
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Figure 3    ACK/NACK structure for 2 TxD (Amn: m-th spread symbol of n-th ACK/NACK signal, Ci: i-th symbol for a CCE)

In case of 4 Tx antennas, an ACK/NACK signal can be spread with SF=2 and this structure can be repeated 2 times over consecutive REs to apply FSTD while keeping compatibility with CCE mapping as shown in Figure 4. In this case repetition factor over non-consecutive REs over system BW can be less than 3 since FSTD already increases diversity order sufficiently. Another alternative may spread an ACK/NACK signal with SF=4 and it’s repeated over two SFBC antenna pairs as shown in Figure 5. This will provide more interference randomization than in case of SF=2 but result in 4TxD ACK/NACK mapping different from other channels.
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Figure 4    ACK/NACK structure for 4 TxD, SF=2 (Amn: m-th spread symbol of n-th ACK/NACK signal, Ci: i-th symbol for a CCE)
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Figure 5    ACK/NACK structure for 4 TxD, SF=4 (Amn: m-th spread symbol of n-th ACK/NACK signal, Ci: i-th symbol for a CCE)

5. Conclusions

In this paper, design principals of downlink ACK/NACK channel are described and the performances are evaluated in the aspects of SF and RF. From the results and discussions, we suggest following attributes for downlink ACK/NACK channel design:
· ACK/NACK channel is located in the first OFDM symbol of subframe.

· Interference randomization by cell-specific mapping and scrambling should be considered.
· ACK/NACK mapping is based on 4 RE units to be compatible with other control channels.

· In 2 Tx antenna case, SF=4 and RF=3 is suggested.
· In 4 Tx antenna case, following 2 options are considered

· SF2 ACK/NACK signal is repeated for FSTD with same structure for PDCCH.

· SF4 ACK/NACK signal is repeated for FSTD with different structure for PDCCH.
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