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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 3GPP RAN1#60bis, the following was agreed: 

· Maximum 10 A/N bits shall be supported
· FFS: 12 bits if DTX is explicitly indicated

· Optimization shall be for M to N bits where M<N<10

In this contribution, we show link level performance comparison of different ACK multiplexing schemes and provide our views on this topic.
2
Discussion
In this section, we provide a brief description for PUCCH format 1b with SF reduction to 2 and the DFT-spread scheme. The other scheme that we simulate is PUCCH format 2 which is in accordance with Rel-8 specifications and hence is no further clarified in this section. 
2.1 PUCCH format 1b with SF reduction to 2

In LTE Rel-8, PUCCH format 1b employs an orthogonal cover of length 4 over the data SC-FDM symbols within on slot. As a result, only 1 QPSK symbol can be sent in one slot. When  the orthogonal cover length is reduced to 2, as illustrated in Fig. 1, it will be possible to transmit 2 QPSK symbols in one slot. On the other hand, the multiplexing capability is reduced by half.
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Figure 1. PUCCH format 1b with SF=2

2.2 DFT-S-OFDM with Time-Domain OCC
With DFT-S-OFDM and time-domain OCC, we can send 12 coded modulation symbols within one slot. Fig. 2 illustrates the operation of this scheme. It is clear that the multiplexing capability of this scheme is reduced to 4.
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Figure 2. DFT-S-OFDM with time-domain OCC
2.3 Multiplexing Capability of Different ACK Multiplexing Schemes
In Table 1, the total number of UEs that can be multiplexed with different ACK multiplexing schemes are compared. We assumed a minimum cyclic shift separation of 2. Note that for PUCCH format 1b based solutions, the resource mapping rules as in Rel-8 TDD can be applied. On the other hand, a new resource mapping rules would need to be defined for the other approaches, including the solutions based on PUCCH format 2 and DFT-S-OFDM. 
Table 1: Multiplexing Capability Comparison
	Scheme
	Multiplexing Capability

	PUCCH format 1b with SF=4
	18 (limited by RS multiplexing capability)

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

	PUCCH format 1b with SF=2
	12 (limited by DATA multiplexing capability)

	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
	4


3
Link Performance Comparisons
In this section, we show the link level performance of different candidate schemes. The simulation parameters are listed in Table 2.
Table 2: Simulation Parameters

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	Typical Urban (6 paths)

	Fading speed
	3km/h, 30km/h, 120km/h

	Antenna configuration
	1x2

	Frequency hopping at slot boundary
	Enabled

	Channel estimation
	Practical

	Number of ACK/NACK bits
	4~10bits

	Encoder
	(20, A) or (32, A) Reed-Muller code

	Simulated multiplexing schemes
	1. PUCCH format 2

2. DFT-S-OFDM with time-domain OCC of length 4

3. PUCCH format 1b (SF=4) with/without Channel Selection
4. PUCCH format 1b (SF=2) with/without Channel Selection


Figs. 3-9 depict the performance of different schemes for UE speeds of 3 and 30km/h for different ACK payload sizes. The results for UE speed of 120km/h is presented in the Appendix.
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Figure 3. BER for 4 ACK bits multiplexing (Left: 3km/h, Right: 30km/h)
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Figure 4. BER for 5 ACK bits multiplexing (Left: 3km/h, Right: 30km/h)
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Figure 5. BER for 6 ACK bits multiplexing (Left: 3km/h, Right: 30km/h)
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Figure 6. BER for 7 ACK bits multiplexing (Left: 3km/h, Right: 30km/h)
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Figure 7. BER for 8 ACK bits multiplexing (Left: 3km/h, Right: 30km/h)
[image: image13.emf]-10 -8 -6 -4 -2 0 2

10

-4

10

-3

10

-2

10

-1

Average Tone SNR per Rx Antenna (dB)

BER

9 A/N bits, TU, 3kmph

 

 

PUCCH Format 2

DFT-spread

PUCCH Format 1, SF=2, ChSelBits=1

PUCCH Format 1, SF=2, ChSelBits=2

[image: image14.emf]-10 -8 -6 -4 -2 0 2

10

-4

10

-3

10

-2

10

-1

Average Tone SNR per Rx Antenna (dB)

BER

9 A/N bits, TU, 30kmph

 

 

PUCCH Format 2

DFT-spread

PUCCH Format 1, SF=2, ChSelBits=1

PUCCH Format 1, SF=2, ChSelBits=2


Figure 8. BER for 9 ACK bits multiplexing (Left: 3km/h, Right: 30km/h)
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Figure 9. BER for 10 ACK bits multiplexing (Left: 3km/h, Right: 30km/h)
From the results shown in the above figures, the following can be observed at 0.1% BER:

· PUCCH format 1 with SF reduction to 2 in conjunction with channel selection offers the best performance for multiplexing 4-6 HARQ-ACK bits
· DFT-S-OFDM based scheme has similar performance as PUCCH format 2 for 4-10 HARQ-ACK bits 
· For payload of 10 HARQ-ACK bits, PUCCH format 2 has about 1.0dB gain relative to PUCCH format 1b with SF reduction to 2 and 4 channel selection.
4
Conclusions 

Based on the simulation results and the agreements made in 3GPP RAN1#60bis, we  propose the following for ACK multiplexing in support of CA:




· PUCCH format 1b with SF reduction to 2 is used to convey 4-6 HARQ-ACK bits
· Channel selection is utilized in conjunction with SF reduction
· For 4 or 5 HARQ-ACK bits, we need a total of 4 Rel-8 orthogonal resources (1-bit channel selection)
· for 6 HARQ-ACK bits, we need a total of 8 Rel-8 orthogonal resources (2-bit channel selection)
· FFS the scheme to use for multiplexing  7 or more HARQ-ACK bits considering performance, multiplexing capability and implementation/specification complexity
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Appendix: Performance at 120km/h
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Figure A-1. BER for 4 ACK bits (left) and 5 ACK bits (right) multiplexing
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Figure A-2. BER for 6 ACK bits (left) and 7 ACK bits (right) multiplexing
[image: image21.emf]-10 -8 -6 -4 -2 0 2

10

-4

10

-3

10

-2

10

-1

Average Tone SNR per Rx Antenna (dB)

BER

8 A/N bits, TU, 120kmph

 

 

PUCCH Format 2

DFT-spread

PUCCH Format 1, SF=2, No ChSel

PUCCH Format 1, SF=2, ChSelBits=2

[image: image22.emf]-10 -8 -6 -4 -2 0 2

10

-4

10

-3

10

-2

10

-1

Average Tone SNR per Rx Antenna (dB)

BER

9 A/N bits, TU, 120kmph

 

 

PUCCH Format 2

DFT-spread

PUCCH Format 1, SF=2, ChSelBits=1

PUCCH Format 1, SF=2, ChSelBits=2


Figure A-3. BER for 8 ACK bits (left) and 9 ACK bits (right) multiplexing
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Figure A-4. BER for 10 ACK bits multiplexing
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