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1. Introduction

The necessity of the ACK/NACK scrambling was discussed at Warsaw meeting and joint way forward [1] was presented. In this contribution, further simulation results considering both “DTX to ACK error” and “ACK to NACK error” are shown. Based on the simulation results, we conclude scrambling for ACK/NACK is essential for Release 8. Therefore, we propose to adopt the scrambling for ACK/NACK.
2. ACK/NACK scrambling proposal
Figure 1 and Figure 2 shows the proposed scrambling structure. The constellations of ACK/NACK signals are rotated alternately for smoothing ACK and NACK performance gap [2].
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Figure 1 Proposed structure for scrambling
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Figure 2 Output of the proposed structure

The reason for the necessity of the scrambling is that ACK/NACK has only one symbol information and the leaked ACK/NACK signals from the adjacent CSes can’t be differentiated as the information. This causes the different effects of the interference when “ACK interferes to ACK” and when “ACK interferes to NACK”[2].
3. Further simulation results
3.1. Considerations on DTX to ACK error rate (0.1% is required)
Given the rate of DTX mis-detection (P(x)) is around 1%, the rate of ACK detection in DTX case (P(y)) shall be under 10% in order to achieve the target error rate of 0.1% for “DTX to ACK error” (P(z)). Note that the relation among P(x), P(y) and P(z) is as following.

P(z) = P(x)P(y).

Figure 3 shows the PDF of I or Q axis after the equalization when DL assignment was not received by the UE (DTX of ACK/NACK). Figure 4 shows the CDF. Simulation conditions are listed in Table 1. Because the target UE doesn’t send any ACK/NACKs due to mis-detection of PDCCH, there are no desired ACK/NACK signals in these figures. (i.e. only inter-code interferences)
If eNB mis-detects the DTX (namely eNB fails to detect DTX of ACK/NACK), then eNB tries to determine if the received signal are ACK or NACK. Considering Figure 4, in order to get target DTX to ACK error rate (P(y) < 10%), the detection threshold for ACK/NACK shall be smaller than -0.45 for non-scrambling case although the detection threshold for ACK/NACK can be around -0.15 for scrambling case. This causes serious ACK to NACK error for non-DTX cases as shown in next section.
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Figure 3 PDF for DTX case (SNR=5dB)
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Figure 4 CDF for DTX case (SNR=5dB)
3.2. Considerations on ACK to NACK error rate (1% is required)
Figure 5 shows the PDF of I or Q axis after equalization when UE sends ACK or NACK. Figure 6 shows the CDF. Simulation conditions are the same as those in previous section.
Based on the considerations in previous section, the detection threshold for ACK/NACK shall be much smaller in non-scrambling case compared to scrambling case. Red line in Figure 6 is the required threshold for non-scrambling case and blue line is the required threshold for scrambling case. As shown in this figure, there is serious ACK to NACK error in non-scrambling case if we set small detection threshold (e.g. -0.45) for ACK/NACK to achieve target error rate of DTX to ACK error.
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Figure 5 PDF for ACK/NACK cases (SNR=5dB)
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Figure 6 CDF for ACK/NACK cases (SNR=5dB)
3.3. Trade off b/w DTX to ACK error rate and ACK to NACK error rate
As discussed in previous sections, there is a trade off b/w “DTX to ACK error rate” and “ACK to NACK error rate”. Figure 7 summarizes this trade off. As shown in this figure, unless we employ scrambling for ACK/NACK on PUCCH, any detection threshold for ACK/NACK doesn't achieve the target error rate of “DTX to ACK error rate” and “ACK to NACK error rate” simultaneously even in relatively high SNR region. (e.g. SNR=5dB)
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Figure 7 Tradeoff between “ACK to NACK error” and “DTX to ACK error”
4. Conclusion

We investigate both “ACK to NACK error rate” and “DTX to ACK error rate” for with/without scrambling cases. The simulation results show that any detection threshold for ACK/NACK doesn't achieve the target error rate of “DTX to ACK error rate” and “ACK to NACK error rate” simultaneously without scrambling.
As a conclusion, we propose to agree on ACK/NACK scrambling as presented in Warsaw meeting[2] for Release 8 to fix this hole of the specification.
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Annex 1 Text proposal for 36.211 (V8.3.0)

5.4.1
PUCCH formats 1, 1a and 1b

For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE. In the remainder of this section, 
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 shall be assumed for PUCCH format 1.

For PUCCH formats 1a and 1b, one or two explicit bits are transmitted, respectively. The block of bits 
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 shall be modulated as described in Table 5.4.1-1, resulting in a complex-valued symbol
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. The modulation schemes for the different PUCCH formats are given by Table 5.4-1.

The complex-valued symbol 
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where 
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 is defined by section 5.5.1 with
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The cyclic shift 
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 varies between symbols and slots as defined below. 

The block of complex-valued symbols 
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where 
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with 
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 for PUCCH format 1 and  normal PUCCH formats 1a/1b, and 
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for shortened PUCCH formats 1a/1b. The sequence 
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 is given by Table 5.4.1-2 and Table 5.4.1-3.

Annex 2 Simulation conditions

Table 1 Simulation conditions

	Parameter
	Value

	Number of ACK/NACK bits 
	1

	Channel  model
	TU 6-path    (mobility:3 km/h)

	Modulation 
	BPSK

	System bandwidth 
	5 MHz 

	ACK/NACK bandwidth 
	1RB (180kHz)

	SNR
	5 dB

	ACK signals : NACK signals
	9 : 1

	Number of RX antennas 
	2

	Number of available cyclic-shift 
	12

	Cyclic shift separation method 
	Simple rectangular mask is used after IDFT in time domain

	Number of UEs
	6 UEs

	Target UE
	UE#2

	Interferers
	UE#1,3,5

	Power error of interferers
	0 to 6 dB

	Timing error of interferers
	0 to 0.52 us
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