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1. Introduction

Several schemes for UL ACK/NACK multiplexing have been proposed so far outlined as;
· Multi-sequence modulation [1][2][3][4][10]
· Resource selection [1][2][3][4][5][6][7]
· SF reduction to 2 [8]
· Rel-8 format 2 based [1][8][9][11]
· DFT-based with OCC [12][13]
Our general views on these aspects are summarized in companion contribution [14]. In this contribution, we study the ACK/NACK multiplexing schemes to support large payload size, e.g. 12bits for FDD considering five DL CCs (5^5-1 states). Since only Rel-8 format2 based and DFT-based scheme with OCC are feasible as a single solution to support large payload size, we limit the discussion to those two schemes in this contribution.
2. Discussion on A/N Transmission Schemes
In Rel-8, format 2 is used to convey information up to 13bits for CSI with punctured RM coding. It can be a good candidate to support large payload up to 13bits for ACK/NACK feedback. Furthermore, the larger payload size can be supported by means of MSM, 8-PSK based resource selection, SORM [15][16][17], etc while maintaining Rel-8 backward compatibility. In case of larger payload more than 13bits, Rel-8 TBCC can be simply utilized to minimize specification efforts. In consequence, reusing Rel-8 format 2 could result in a minimal specification impact. Furthermore, since coexistence of PUCCH format 1/1a/1b and format 2 can be possible in the same PRB in Rel-8, efficient resource utilization may be also possible in Rel-10.
The DFT-based approach can also support large payload size as much as format 2 based one. In addition, further channel coding gain can be expected due to larger symbol space. With same OCC structure as PUCCH format 1/1a/1b, coexistence between DFT-based one and PUCCH format 1/1a/1b in the same PRB can be also achieved just like format 2 based one by means of keeping the same RS/data symbol structure as format 1/1a/1b. The multiplexing order for DFT based approach is smaller than format 2 based one. For example, with 
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, the multiplexing order for format 2 is 12 while that for DFT based approach with SF=4 or SF=5, depending on the number of RS symbols, is 4 or 5. However, the multiplexing order for DFT based approach can be further increased by FDM [19]. Figure 1 and Figure 2 show the illustrations for DFT based approaches with FDM=1 and 2, respectively. By applying FDM=2, the multiplexing order can be increased to 8 or 10.
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Figure 1 DFT-based, FDM=1
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Figure 2 DFT-based, FDM=2
3. Simulation
 The performance comparison between Rel-8 format 2 based and DFT-based approaches will be made in this chapter. The basic simulation parameters are shown in Table 1. The channel model of ETU 3km/h was used for evaluation. The antenna configuration of 1Tx and 2Rx was assumed. The used channel coding schemes for Rel-8 PUCCH and for DFT-based approach were, respectively, punctured RM coding and TBCC as defined in [18]. The false alarm is defined as the receiver detects the signal existence when no-signal is actually transmitted from transmitter. The matched filter output from 3RS symbols and from 3RS/4Data symbols was, respectively, used for all-DTX detection in case of DFT-based approach and Rel-8 format 2. The case of no-signal could be all DTX case. The false alarm probability (All-DTX -> others) is set to 1%. 
Table 1 Simulation parameters
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	5MHz

	CP configuration
	Normal CP

	UE speed
	3km/h

	Channel model
	ETU

	Number of UEs in a cell
	1

	Number of Tx/Rx antennas
	1Tx-2Rx (uncorrelated)

	PUCCH format 
	Rel-8 format 2, DFT based (see eg. Figure 1)

	UCI information bits
	5~12 bits

	Channel coding
	Punctured RM for Rel-8 format2, TBCC for DFT-based [18]

	Channel estimation
	Practical

	CS hopping/slot-level hopping
	ON

	Number of PRBs for PUCCH
	1
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	FA probability 
	1%

	All DTX measurement
	RS+DATA (7symbols per slot) for Rel-8 format 2, RS (3symbols per slot) for DFT-based

	Noise estimation
	Practical


Figure 3(a) to Figure 3(h) show the BLER performance for Rel-8 format 2 and DFT based approach. The information bit size is varying from 5bits to 12bits. From the simulation results, we infer that;
· When information bit size is less than 6bits, the BLER performance of Rel-8 format 2 is superior to that of DFT-based approach at 1% BLER mainly due to 
· Channel coding gain loss from TBCC in case that information bit size is less than K-1 (K: constraint length)
· Less usage of SC-FDMA symbols in all-DTX detection for DFT-based approach (3 SC-FDMA symbols for DFT-based approach and 7 SC-FDMA symbols for Rel-8 format 2)
· When information bit size is equal to or more than 6bits, the BLER performance of DFT-based approach is superior to that of Rel-8 format 2 at 1% BLER mainly due to
· More channel coding gain from DFT-based approach than from Rel-8 format 2
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(a) Info=5bits                                                                       (b) Info=6bits
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(c) Info=7bits                                                                       (d) Info=8bits
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(e) Info=9bits                                                                       (f) Info=10bits
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(g) Info=11bits                                                                       (h) Info=12bits

Figure 3 Performance of Rel-8 format2 based and DFT based approaches
4. Conclusions
 In this contribution, we studied Rel-8 format 2 and DFT-based approach with CDM for ACK/NACK multiplexing in carrier aggregation. For more than 5bit information size, DFT-based approach with CDM is superior to Rel-8 format 2 mainly due to enhanced channel coding gain. Although the multiplexing order of DFT-based approach is less than Rel-8 format 2, applying FDM on DFT-based approach in addition to CDM can increase multiplexing order as many as Rel-8 format 2. Using TBCC as channel coding for DFT-based approach seems to be natural to minimize specification efforts. Based on the discussion and simulation results, we propose that;
· DFT-based approach by applying TBCC is a baseline as a new extended PUCCH format in carrier aggregation to convey large payload size more than 5bits.
· FFS for enhancing the performance in case that information bit is less than 6bits (eg. new channel coding, enhancing all-DTX performance or reusing Rel-8 format 2)

· FFS for FDM to increase the multiplexing order
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