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1
Introduction
To support PDSCH carrier aggregation in LTE Rel-10, multiple ACK/NACK bits have to be transmitted in the uplink. Various schemes have been proposed to multiplex up to 10 ACK/NACK bits in support of up to 5 DL CCs:
· PUCCH format 1b with SF reduction to 2 [1]
· Channel resource selection [2]
· can be used together with PUCCH format 1b with SF reduction to 2

· PUCCH format 2 [3]
· DFT-S-OFDM with time-domain OCC multiplexing [4]
In this contribution, we show further link level performance comparison of different ACK multiplexing schemes with the agreed simulation assumptions [5] and provide our views on this topic.
2
Discussion
2.1 Simulated Schemes
In Table 1, the corresponding slot format and payload sizes for each evaluated A/N multiplexing scheme is clarified.

Table 1: Simulated Schemes
	Schemes
	Slot Format

D: Data P:Pilot
	Payload (bits)

	PUCCH format 1b, SF=4

with/without channel selection
	DDPPPDD
	2, 3, 4

	PUCCH format 1b, SF=2
with/without channel selection
	DDPPPDD
	4, 5, 6

	PUCCH format 2
	DPDDDPD
	2, 3, 4, 5, 6, 8, 10

	DFT-S-OFDM
	DPDDDPD
	2, 3, 4, 5, 6, 8, 10


2.2 Multiplexing Capability of Different ACK Multiplexing Schemes
In Table 2, the total number of UEs that can be multiplexed with different ACK multiplexing schemes are compared, where we have assumed a minimum cyclic shift separation of 2. Note that, for PUCCH format 1b based solutions, the mapping rule of resources can be similar as in Rel-8 TDD. On the other hand, a new resource mapping rule would need to be created for the other candidates including solutions based on PUCCH format 2 and DFT-S-OFDM. Furthermore, since PUCCH format 2 and DFT-S-OFDM based transmission can not occur on the same PRBs as PUCCH format 1 based transmission, additional overhead will have to be configured for PUCCH format 2 and DFT-S-OFDM based ACK multiplexing schemes.

Table 2: Multiplexing Capability Comparison
	Scheme
	Multiplexing Capability

	PUCCH format 1b with SF=4
	18

	PUCCH format 1b with SF=4 and 2 channel selection
	9

	PUCCH format 1b with SF=4 and 4 channel selection
	4

	PUCCH format 1b with SF=2
	12

	PUCCH format 1b with SF=2 and 2 channel selection
	6

	PUCCH format 1b with SF=2 and 4 channel selection
	3

	PUCCH format 2
	6

	DFT-S-OFDM with time-domain OCC
	5


Note that the numbers in Table 2 are calculated assuming that all the available orthogonal resources are addressable. In practice, due to scheduling constraint, the actual multiplexing capability will be less and the difference between various schemes could be smaller.
3
Link Performance Comparisons
In this section, we show the link level performance of different candidate schemes. The simulation parameters are listed in Table 3.
Table 3: Simulation Parameters
	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	Channel model
	TU, 3kmph, 120km/h

	Frequency hopping
	at slot boundary

	Antenna setup
	1Tx, 2Rx

	Rx antenna correlation
	uncorrelated

	Channel estimation
	practical

	CP type
	normal CP

	Signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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Detailed performance of different schemes with different payload at different Doppler speeds are presented in the Appendix 2. For each payload size, Table 4 provides summaries of the schemes that require the smallest SNR to meet the following performance target:
· Pr(ACK(NACK, DTX) 
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Table 4: Summary of Best A/N Multiplexing Schemes at 3kmph
	Payload 
	Best Scheme at 3kmph
	Best Scheme at 120kmph

	
	Scheme
	SNR Required
	Scheme
	SNR Required

	2
	format 1b with SF=4
	-6.0dB
	format 1b with SF=4
	-5.7dB

	3
	format 1b with SF=4
+ 2 channel selection
	-5.8dB
	format 1b with SF=4
+ 2 channel selection
	-5.5dB

	4
	format 1b with SF=2
+ 2 channel selection
	-5.4dB
	format 1b with SF=4
+ 4 channel selection
	-5.4dB

	5
	format 1b with SF=2
+ 2 channel selection
	-4.5dB
	format 1b with SF=2
+ 2 channel selection
	-3.9dB

	6
	format 1b with SF=2
+ 4 channel selection
	-4.4dB
	format 1b with SF=2
+ 2 channel selection
	-3.8dB

	8
	DFT-S-OFDM/format 2
	-3.0dB
	DFT-S-OFDM
	-2.8dB

	10
	DFT-S-OFDM/format 2
	-1.5dB
	DFT-S-OFDM
	-1.4dB


From the summary shown in Table 4, we can have the following conclusion:

· PUCCH format 1b based schemes offer the best performance for up to 6 HARQ-ACK bits
· SF=4 gives the best performance for 2~3 HARQ-ACK bits
· SF=2 provides the best performance  for 4~6 HARQ-ACK bits at low Doppler speed
· DFT-S-OFDM based schemes show similar performance as PUCCH format 2 for 8 & 10 HARQ-ACK bits at low Doppler speed; while at high Doppler speed, DFT-S-OFDM based schemes perform around 0.4dB better than PUCCH format 2
4
Conclusions 

Based on the simulation results and the the agreements made in previous RAN1 meetings, we have the following proposals for ACK/NAK multiplexing in support of CA:




· PUCCH format 1b with SF=4 is used to convey 2~3 HARQ-ACK bits

· PUCCH format 1b with SF=2 is used to convey 4~6 HARQ-ACK bits
· channel selection is utilized in conjunction with SF reduction
· PUCCH format 2 is used to convey 8 or more HARQ-ACK bits
· PUCCH format 2 is preferred over DFT-S-OFDM because of its backward compatibility and less specification efforts needed
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Appendix 1: Maximum Likelihood Receiver

In all the simulations, we have utilized maximum likelihood receiver for DTX detection and ACK/NACK decoding. Denote the observations at the eNB receive antennas by 
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· Likelihood of DTX: 
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· Likelihood of codeword 
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In order to maximize the probability of detection of non-DTX while the transmitter is not DTX, and meanwhile keeping the probability of false alarm, i.e. detecting non-DTX while the transmitter is actually in DTX, at a low level, we employ the following likelihood ratio test for DTX detection: 
· 
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· DTX is declared at the receiver iff 
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· the threshold 
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is chosen such that the false alarm rate is controlled at 0.01
Conditioned on non-DTX is detected, i.e. 
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, the receiver will simply decode the transmitted codeword as:
· 
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Appendix 2: Link Simulation Results
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Figure 1. BER for 2 ACK bits multiplexing (Left: 3km/h, Right: 120km/h)
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Figure 2. BER for 3 ACK bits multiplexing (Left: 3km/h, Right: 120km/h)
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Figure 3. BER for 4 ACK bits multiplexing (Left: 3km/h, Right: 120km/h)
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Figure 4. BER for 5 ACK bits multiplexing (Left: 3km/h, Right: 120km/h)
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Figure 5. BER for 6 ACK bits multiplexing (Left: 3km/h, Right: 120km/h)
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Figure 6. BER for 8 ACK bits multiplexing (Left: 3km/h, Right: 120km/h)
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Figure 7. BER for 10 ACK bits multiplexing (Left: 3km/h, Right: 120km/h)
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