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1. Introduction
Multi-ACK/NAK transmission is currently considered in support of carrier aggregation in Rel-10. In this contribution, we show link level evaluation results of different ACK/NAK multiplexing transmission schemes. We further compare the multiplexing capacity of the ACK/NAK transmission schemes and provide our preference on the multi-ACK/NAK design in Rel-10 carrier aggregation.
2. ACK/NAK multiplexing schemes
The following ACK/NAK multiplexing transmission schemes and bit ranges are studied in this contribution.
· Channel selection, {2, 3, 4}
· Enhanced channel selection, {4, 5}
· Spreading factor of 2, {4}
· Channel selection with spreading factor of 2, {4, 5}
· PUCCH format 2
, {2, 3, 4, 5, 6, 8, 10} 
· DFT-S-OFDM, {2, 3, 4, 5, 6, 8, 10}
· PUCCH format 2 with multi-sequence modulation (MSM)
, {2, 3, 4, 5, 6, 8, 10}
· DFT-S-OFDM with FDM, {2, 3, 4, 5, 6, 8, 10}
The transmission mapping tables, ACK/NAK channel coding schemes, as well as RS/data SC-FDMA structure for the above schemes comply with [1]. On DTX(ACK error, both of the following definitions [1] are evaluated for DTX threshold setting. 
DTX(ACK definition 1: The number of falsely detected ACK bits normalized by the number of DTX occasions and the number of ACK/NAK feedback bits.
DTX(ACK definition 2: The number of falsely detect ACK bits normalized by the number of DTX occasions.
In terms of receiver algorithm, the following steps are applied to all evaluated ACK/NAK multiplexing schemes:
· Step 1: For each possible codeword q;

· Step 1-1: Coherently accumulate the received power from the data and reference signal SC-OFDMA symbols per slot per receive antenna

· Step 1-2: Non-coherently accumulate the results from Step 1-1 over all received antennas and slots
· Step 1-3: Assign the result from Step 1-3 as the metric for codeword q, i.e. M(q).

· Step 2: Find a codeword qmax corresponds to the maximum of M(q).
· Step 3: If M(qmax) < DTX_threshold, then DTX is declared; otherwise, qmax is the output of the detector.

3. Evaluations
Table 8 in Appendix I lists the link level simulation assumptions, as described in [1]. Tables 1 – 6 include the required SINR to meet 1% ACK missing probability and 0.1% NAK-to-ACK error. Figures 1 – 3 show the corresponding plots with the values in Tables 1 – 6. The following observations can be made:
· DFT-S-OFDM performs well for the full range of simulated ACK/NAK feedback bits.

· PUCCH format 2 performs closely to DFT-S-OFDM for 2 – 4 ACK/NAK feedback bits.

· PUCCH format 2 with MSM performs worse than DFT-S-OFDM due to CM increase.

· DFT-S-OFDM with FDM does not provide comparable performance to DFT-S-OFDM.
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Figure 1: Required SINR for different ACK/NAK multiplexing methods according to Tables 1 – 2
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Figure 2: Required SINR for different ACK/NAK multiplexing methods according to Tables 3 – 4
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Figure 3: Required SINR for different ACK/NAK multiplexing methods according to Tables 5 – 6 
Table 1: Required SINR (dB), ETU 3km/h, DTX definition 1
	Scheme
	Number of ACK/NAK bits

	
	2
	3
	4
	5
	6
	8
	10

	Channel selection
	-9.68*
	-8.18**
	-9.04**
	—
	—
	—
	—

	Enhanced channel selection
	—
	—
	-7.58**
	-7.82**
	—
	—
	—

	Spreading factor of 2
	—
	—
	-6.09**
	—
	—
	—
	—

	Channel selection with spreading factor of 2
	—
	—
	-8.01**
	-6.76**
	—
	—
	—

	PUCCH format 2
	-9.68*
	-9.38*
	-8.6**
	-7.95**
	-6.58**
	-5.12**
	-3.29**

	DFT-S-OFDM
	-9.31**
	-9.44*
	-9.01*
	-8.37**
	-7.67**
	-5.63**
	-3.96**

	PUCCH format 2 with MSM
	-9.65*
	-9.33*
	-8.97*
	-8.64*
	-8.34**
	-6.64**
	-5.49**

	DFT-S-OFDM with FDM
	-9.38**
	-8.45**
	-7.04**
	-5.86**
	-4.74**
	-3.07**
	-0.55**


Note 1: * required SINR determined by 1% ACK(DTX/NAK error
Note 2: ** required SINR determined by 0.1% NAK ( ACK error

Table 2: Required SINR (dB), ETU 3km/h, DTX definition 2

	Scheme
	Number of ACK/NAK bits

	
	2
	3
	4
	5
	6
	8
	10

	Channel selection
	-9.32*
	-8.64**
	-8.49*
	—
	—
	—
	—

	Enhanced channel selection
	—
	—
	-8.16**
	-8.01*
	—
	—
	—

	Spreading factor of 2
	—
	—
	-6.46**
	—
	—
	—
	—

	Channel selection with spreading factor of 2
	—
	—
	-8.12**
	-7.24**
	—
	—
	—

	PUCCH format 2
	-9.25*
	-8.61*
	-8.35*
	-8.04*
	-7.16**
	-5.72**
	-3.53**

	DFT-S-OFDM
	-9.49*
	-8.78*
	-8.38*
	-8.02*
	-7.77*
	-6.3**
	-4.66**

	PUCCH format 2 with MSM
	-9.28*
	-8.79*
	-8.25*
	-7.97*
	-7.71*
	-7.13*
	-6.28**

	DFT-S-OFDM with FDM
	-9.32*
	-8.81*
	-7.62**
	-6.4**
	-5.18**
	-3.24**
	-0.58**


Table 3: Required SINR, EPA, 3 km/h, DTX definition 1

	Scheme
	Number of ACK/NAK bits

	
	2
	3
	4
	5
	6
	8
	10

	Channel selection
	-8.75*
	-7.19**
	-7.64**
	—
	—
	—
	—

	Enhanced channel selection
	—
	—
	-6.81**
	-6.6**
	—
	—
	—

	Spreading factor of 2
	—
	—
	-5.52**
	—
	—
	—
	—

	Channel selection with spreading factor of 2
	—
	—
	-6.49**
	-5.61**
	—
	—
	—

	PUCCH format 2
	-8.61*
	-8.31*
	-7.21**
	-6.52**
	-5.76**
	-4.34**
	-2.64**

	DFT-S-OFDM
	-8.56*
	-8.43*
	-7.9*
	-7.37**
	-7.28*
	-5.55**
	-4.52**

	PUCCH format 2 with MSM
	-8.61*
	-8.27*
	-7.97*
	-7.58*
	-7.2**
	-5.85**
	-4.38**

	DFT-S-OFDM with FDM
	-8.53*
	-8.18*
	-7.2**
	-6.83**
	-6.02**
	-4.4**
	-3.15**


Table 4: Required SINR, EPA, 3 km/h, DTX definition 2

	Scheme
	Number of ACK/NAK bits

	
	2
	3
	4
	5
	6
	8
	10

	Channel selection
	-8.29*
	-7.4**
	-7.36*
	—
	—
	—
	—

	Enhanced channel selection
	—
	—
	-7.09**
	-6.99*
	—
	—
	—

	Spreading factor of 2
	—
	—
	-5.62**
	—
	—
	—
	—

	Channel selection with spreading factor of 2
	—
	—
	-6.7**
	-5.79**
	—
	—
	—

	PUCCH format 2
	-8.24*
	-7.76*
	-7.38*
	-6.88*
	-6.17**
	-4.46**
	-2.17**

	DFT-S-OFDM
	-8.08*
	-7.75*
	-7.37*
	-6.94*
	-6.65*
	-6.2*
	-5.12**

	PUCCH format 2 with MSM
	-8.26*
	-7.72*
	-7.34*
	-6.97*
	-6.68*
	-6.26*
	-4.95**

	DFT-S-OFDM with FDM
	-8.24*
	-7.88*
	-7.24*
	-6.88*
	-6.51**
	-4.81**
	-3.2**


 Table 5: Required SINR, ETU 120 km/h, DTX definition 1
	Scheme
	Number of ACK/NAK bits

	
	2
	3
	4
	5
	6
	8
	10

	Channel selection
	-10.04*
	-8.58**
	-9.24*
	—
	—
	—
	—

	Enhanced channel selection
	—
	—
	-7.99**
	-7.69**
	—
	—
	—

	Spreading factor of 2
	—
	—
	-4.57**
	—
	—
	—
	—

	Channel selection with spreading factor of 2
	—
	—
	-5.83**
	-4.97**
	—
	—
	—

	PUCCH format 2
	-10*
	-9.5*
	-8.16**
	-7.41**
	-6**
	-4.42**
	-1.77**

	DFT-S-OFDM
	-9.43**
	-9.66*
	-9.09**
	-8.39**
	-8.05**
	-5.99**
	-4.48**

	PUCCH format 2 with MSM
	-9.91*
	-9.51*
	-9.17*
	-8.87*
	-8.29**
	-6.29**
	-5.51**

	DFT-S-OFDM with FDM
	-9.6**
	-8.61**
	-7.57**
	-6.17**
	-5.47**
	-2.98**
	-1.15**


Table 6: Required SINR, ETU 120 km/h, DTX definition 2

	Scheme
	Number of ACK/NAK bits

	
	2
	3
	4
	5
	6
	8
	10

	Channel selection
	-9.51*
	-8.87**
	-8.63*
	—
	—
	—
	—

	Enhanced channel selection
	—
	—
	-8.47**
	-8.3*
	—
	—
	—

	Spreading factor of 2
	—
	—
	-4.66**
	—
	—
	—
	—

	Channel selection with spreading factor of 2
	—
	—
	-5.92**
	-5.35**
	—
	—
	—

	PUCCH format 2
	-9.46*
	-9.02*
	-8.39*
	-7.94**
	-6.48**
	-5**
	-1.88**

	DFT-S-OFDM
	-9.42*
	-9.04*
	-8.58*
	-8.24*
	-8.15*
	-6.84**
	-4.93**

	PUCCH format 2 with MSM
	-9.56*
	-8.93*
	-8.49*
	-8.21*
	-7.88*
	-7.14**
	-5.67**

	DFT-S-OFDM with FDM
	-9.56*
	-8.96**
	-8.05**
	-6.42**
	-5.77**
	-3.26**
	-1.19**


4. Multiplexing capacity

With the assumptions in [1] (e.g. 
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=2), Table 7 shows the theoretical multiplexing capacity of different ACK/NAK transmission schemes. It is noted that in practice, the theoretical multiplexing capacity may not be achievable considering inter-cell interference on PUCCH. The inter-cell interference analysis in [3] indicates that a multiplexing capacity around 6 is sufficient for practical usage.
Table 7: Theoretical multiplexing capacity of ACK/NAK transmission schemes

	Scheme
	Number of bits
	Multiplexing Capacity

	Channel selection
	2
	9

	
	3
	9

	
	4
	4

	Enhanced channel selection
	3
	9

	
	4
	9

	
	5
	6

	
	6
	4

	Spreading factor of 2
	4
	12

	Channel selection with spreading factor of 2
	4
	6

	
	5
	6

	
	6
	3

	PUCCH format 2
	2 – 10
	6

	DFT-S-OFDM
	2 – 10
	5

	PUCCH format 2 with MSM
	2 – 10
	3

	DFT-S-OFDM with FDM
	2 – 10
	6


5. Conclusions

In this contribution, we study the ACK/NAK BER performance and multiplexing capacity of different ACK/NAK transmission schemes in Rel-10. From implementation perspective, it is desirable that only one ACK/NAK transmission scheme is supported for Rel-10 CA. Furthermore, we shall down select between PUCCH format 2 and DFT-S-OFDM. PUCCH format 2 offers the least specification change, while DFT-S-OFDM provides the best ACK/NAK performance. Hence, we have the following proposal:

Proposal: One scheme between PUCCH format 2 and DFT-S-OFDM is supported as the ACK/NAK transmission scheme for Rel-10 CA. 
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7. Appendix I: Link simulation assumptions
Table 8: Link evaluation assumptions

	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz for ETU, 10 MHz for EPA

	channel model
	ETU 3km/h 5 MHz, ETU 120km/h 5 MHz, EPA 3km/h 10 MHz

	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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8. Appendix II: Cubic metric evaluation of MSM
In this appendix, we evaluate the CM value for multiple sequence modulation. For PUCCH format 2 with MSM, the average CM values for following cases are shown in Figure 4 and Table 9:
· Alt1: 1 x PUCCH format 2

· Alt2: 2 x PUCCH format 2, 
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= 1, without precoding

· Alt3:  2 x PUCCH format 2, 
[image: image12.wmf]PUCCH

shift

D

 = 2, without precoding

· Alt4: 2 x PUCCH format 2, 
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= 1, with precoding [2]

· Alt5: 2 x PUCCH format 2, 
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 = 2, with precoding [2]
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Figure 4: Average cubic metric for MSM
Table 9: Average cubic metric (over all 30 base sequences) for MSM
	
	Alt1
	Alt2
	Alt3
	Alt4
	Alt5

	Average CM (dB)
	0.7075
	2.1514
	2.2620
	1.7944
	1.8505

	CM difference relative to Alt1 (dB)
	0
	1.4439
	1.5545
	1.0869
	1.1430


9. Appendix III: Detailed BER results

· Simulation results for DTX definition 1:

· Simulation results for ETU 3km/h, 5MHz
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· Simulation results for ETU 120km/h, 5MHz
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· Simulation results for EPA 3km/h, 10MHz
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· Simulation results for DTX definition 2:

· Simulation results for ETU 3km/h, 5MHz
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· Simulation results for ETU 120km/h, 5MHz
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· Simulation results for EPA 3km/h, 10MHz
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� The sixth basis sequence of the TS36.212 RM(20, A) code is not used


� The precoding scheme in [2] is not applied


� Appendix II evaluates the CM increase for PUCCH format 2 with MSM. A conservative 1-dB CM difference is included in Figures 1 – 3 for PUCCH format 2 with MSM.
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