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1. Introduction

In RAN1#60bis, it was agreed that PUCCH format 1b with SF of 1 is excluded from further consideration as the UL ACK/NACK multiplexing method in Rel-10. In this contribution, we further discuss the transmission methods of ACK/NAK multiplexing with simulation results for Rel-10 carrier aggregation.
2. ACK/NACK multiplexing methods
In support of carrier aggregation (CA) with up to 5 component carriers in Rel-10, a UE needs to generate 5 (with spatial bundling) or 10 (without spatial bundling) ACK/NACK bits for FDD. For TDD, given the demand of supporting both CA and asymmetric DL/UL sub-frame configuration, a UE needs to generate 20 (with spatial bundling) or 40(without spatial bundling) ACK/NACK bits. Hence, the Rel-8 TDD ACK/NACK multiplexing scheme with channel selection is not sufficient due to its limitations on the ACK/NAK feedback payload size. In the following, we discuss several options for ACK/NACK multiplexing in Rel-10 with CA.
2.1. Option 1: Extended Rel-8 TDD channel selection
This method can accommodate more ACK/NACK feedbacks by using more channel resources. For 5 DL CCs, with spatial bundling and QPSK constellations, at least 2^5/4 = 8 ACK/NAK channels are needed. In [1], two schemes for channel resource allocation have been introduced, as:

Scheme 1: All ACK/NACK channel resources are configured by higher layers or indicated by DL grant [2]. 

Scheme 2: Half of the ACK/NACK channel resources are configured and additional channel resources can be obtained by using the unused orthogonal cover (OC) sequence in Rel-8.

Alternatively, a more resource efficient approach by performing channel selection on both the data and reference signal SC-FDMA symbols can be used [4]. Typically, channel selection is suitable for small/medium ACK/NAK feedback payloads, e.g. 4 ACK/NAK bits.
2.2. Option 2: Channel selection with SF reduction to 2
By reducing Rel-8 OC sequence length to 2, one more ACK/NACK QPSK symbol can be transmitted with PUCCH format 1a/1b. Hence, at most 4 ACK/NAK feedback bits can be transmitted with one PUCCH format 1b resource. Channel selection can be used in combination with SF of 2, which increase the ACK/NAK feedback payload size. For 5 DL CCs, with spatial bundling and QPSK constellations, 2^5/16 = 2 ACK/NACK channels are required. 
2.3. Option 3: Rel-8 PUCCH format 2 with joint coding

One Rel-8 PUCCH format 2 resource can be directly reused by a Rel-10 UE to transmit up to 13 ACK/NACK feedbacks in a sub-frame, which is sufficient for FDD. For TDD, if PUCCH format 2 is adopted as the ACK/NAK multiplexing scheme in Rel-10, some sort of partial bundling is necessary to limit the ACK/NAK payload size on PUCCH. 
2.4. Option 4: Design of a new PUCCH format 

A new PUCCH format based on DFT-S-OFDM was proposed in [3]. Two alternative schemes are illustrated in Figures 1 – 2. With QPSK, 288/240 coded bits can be transmitted in one RB, which is sufficient to accommodate the extreme ACK/NACK payload case in Rel-10 TDD with CA. 
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Figure 1: Structure 1 - New PUCCH format with 1 RS per slot 
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Figure 2: Structure 2 - New PUCCH format with 2 RSs per slot 

With the same ACK/NAK payload size, Structure 1 has the advantage of lower coding rate. On the other hand, Structure 2 has two RS symbols in each slot, leading to better channel estimates. Further study is needed to choose a better structure if DFT-S-OFDM based new PUCCH structure is supported.
Using DFT-S-OFDM based structure for the transmission of multiple ACK/NACK bits may lead to excessive overhead, since only one UE can transmit ACK/NACK in a PRB. A spreading sequence can be applied in the time domain, in order to increase the multiplexing capacity. Taking Structure 2 as an example, Figures 3 shows the method for 5 UEs sharing the same RB to transmit ACK/NACK. With QPSK, each UE can transmit 24 coded bits in a sub-frame. Frequency hopping can be used to obtain the diversity gain.
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Figure 3: New PUCCH format with SF=5
3. Simulation results

In this section, we provide simulation results for the following cases:
· PUCCH format 1b, 2 ACK/NAK bits
· PUCCH format 1b with channel selection, 4 ACK/NAK bits
· PUCCH format 1b with SF of 2, 4 ACK/NAK bits
· PUCCH format 2, 2/4/6/10 ACK/NAK bits
· DFT-S-OFDM (Figure 3), 2/4/6/10 ACK/NAK bits.
ACK/NAK performance requires are as following

· DTX ( ACK error probability of 1%

· ACK ( NAK/DTX error probability of 1%

· NAK ( ACK error probability of 0.1%.
Table 1 compares the required SNR for different methods. It is noted that PUCCH format 2 performs relatively well for all tested ACK/NAK payload sizes. The sixth column of the RM code is not used in the simulations for ACK/NAK payloads larger than 5 bits, due to well recognized frequency diversity loss if the first and sixth columns of the RM base vectors are used together. Note that optimal ACK/NAK detection performance is achieved when ML detection is jointly carried out over the data and RS SC-FDMA symbols. For PUCCH format 2 or PUCCH format 1b based solutions, it is rather straight forward to employ such a joint ML detection algorithm. On the other hand, for DFT-S-OFDM, channel estimation accuracy impacts the ACK/NAK BER performance significantly. Detailed simulation parameters and BER plots are included in the appendix.
Table 1: Required SNR (dB) for different ACK/NAK multiplexing methods
	Number of ACK/NAK bits
	Required SNR (dB)

	
	PUCCH format 1b
	PUCCH format 1b with channel selection
	PUCCH format 1b with SF of 2
	PUCCH format 2
	DFT-S-OFDM

	2
	-6.9
	N/A
	N/A
	-8.9
	-6.1

	4
	N/A
	-6.9
	-5.4
	-7.8
	-5.2

	6
	N/A
	N/A
	N/A
	-6.6
	-4.4

	10
	N/A
	N/A
	N/A
	-3.5
	-2.5


4. Conclusions

In this contribution, we compare the ACK/NAK BER performance of different transmission schemes. DTX detection is considered in the simulations. For PUCCH format 2 and PUCCH format 1b based solutions, a joint data and RS ML detection algorithm can be easily implemented to achieve optimal performance. For DFT-S-OFDM, accurate channel estimation is critical for ACK/NAK detection performance. Our current results indicate that PUCCH format 2 performs relatively well for ACK/NAK payload size up to 10 bits, assuming the sixth column of the RM base vectors is not used. 
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6. Appendix 

Table 2 lists the simulation assumptions, while Figures xx – yy show the link performances.

Table 2: link level simulation parameters
	Parameters
	Value

	Bandwidth
	5MHz

	Channel model
	SC

	Antenna Correlation
	0 (Uncorrelated, |ρ|=0)

	UE speed (km/h)
	3km/h

	Number of antennas
	1 Tx, 2 Rx for 1x2 SIMO

	Modulation
	QPSK

	CP type
	Normal CP
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Figure 4: 2 bits, PUCCH format 1b (left), PUCCH format 2 (right)
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Figure 5: 2 bits, DFT-S-OFDM 
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Figure 6: 4 bits, PUCCH format 1b with channel selection (left), PUCCH format 1b with SF of 2 (right)
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Figure 7: 4 bits, PUCCH format 2 (left), DFT-S-OFDM (right)
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Figure 8: 6 bits, PUCCH format 2 (left), DFT-S-OFDM (right)
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Figure 9: 10 bits, PUCCH format 2 (left), DFT-S-OFDM (right)[image: image15.png]
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