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1. Introduction

At the Sorrento Meeting, RAN1 agreed on the basic multiplexing method for the PUCCH [1]

 REF _Ref169347360 \r \h 
[2]. The combination of 12-length CG sequences and orthogonal covering (block-wise spreading) scheme is used as the user multiplexing scheme.
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Figure 1 The structure of ACK/NACK transmission

Figure 1 shows agreed structures of ACK/NACK transmission on PUCCH. Only one symbol ACK/NACK information is spread into 4 information SC-FDMA symbols. Although RAN1 discussed the need of the scrambling for other channels, we haven’t had enough discussion about having scrambling on ACK/NACK.
In this contribution, we investigate the necessity of the scrambling for the ACK/NACK structure to meet the target performance of ACK/NACK/DTX detection.
2. The necessity of the scrambling for ACK/NACK on PUCCH
2.1. DTX detection performance perspective
The distinction between Nack and DTX at eNB is used for the distinction between UE missed PDCCH reception and UE failed to decode DL-SCH in order to fully obtain IR gain. DTX detection would be typically using power threshold, but there haven’t been enough consideration under the timing/power control errors. If no scrambling is employed for ACK/NACK signals, the eNB can’t distinguish if the received signal is interference leaked from adjacent cyclic shift or desired signal. This commonality of the desired signal and the interference signal would degrade the DTX detection performance.
Figure 2 is the illustration of the interference leaked from the signal which uses adjacent cyclic shift values. This interference has serious effect to the desired signal especially when the timing/power control error exist.
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Figure 2 Illustration of the inter-code interference in the CS domain
Figure 3 shows the CDF of the received power at channel #2 in case of 6 UEs. The simulation conditions are listed in Annex 2. As shown in this figure, there is some level of leakage from adjacent channel. For instance, if eNB sets a threshold around “0.02” for detecting DTX, eNB misdetects desired signal at the probability of 3% (DTX to ACK/NACK error) and this error rate would meet the requirement. But in this case, eNB fail to detect desired signal at the probability of 13 % (ACK/NACK to DTX error). We don’t think this meets the target of ACK/NACK to DTX error rate.
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Figure 3
 CDF of the detected power before the equalizer of channel #2 (with/without desired signal, 6UE, SNR=0dB)
2.2. ACK/NACK performance perspective
Because of the commonality of the ACK/NACK signals using the adjacent CS values (but the same OC sequences), ACK (or NACK) of channel #2 doesn’t suffer any actual interference from ACK (or NACK) of channel #1. (Please see the detailed proof in Annex 1.) However, NACK (or ACK) of channel #2 suffers interference from ACK (or NACK) of channel #1.
Given that the probability of the ACK is higher than that of NACK under the assumption that the target BLER of PDSCH is smaller that 50%, the performance of ACK signals is better than that of NACK signals as shown in Figure 4. This result is unacceptable from the view point of the agreed target BLER of UL ACK/NACK[3]. This problem is caused by the commonality of the ACK/NACK signals using the adjacent CS values explained above.
Therefore, we think a scrambling method for distinguishing signals sent via adjacent CS values is necessary.
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Figure 4 The performance of ACK and NACK on PUCCH (ACK : NACK = 0.9 : 0.1) without scrambling
3. Scrambling proposal for ACK/NACK

Figure 5 shows the proposed structure of scrambling for ACK/NACK on PUCCH. The complex value “S” (= 1 for UEs in the channels with odd number indices and ejpi/2 for UEs in the channels with even number indices) stands for the 1-symbol scrambling to distinguish the signals using adjacent CS values. As a result, the constellation of the ACK/NACK information part when the cyclic shift difference between adjacent ACK/NACK channels is 2 becomes like Figure 6. The merits of having this scrambling structure are followings.

1) For DTX detection, eNB can distinguish signals via adjacent CS values using the output of the equalizer. Thus the error rate of DTX detection would be improved
2) For ACK/NACK transmission, the performance gap issues b/w ACK and NACK can be solved.
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Figure 5 Proposed scrambling structure for ACK/NACK transmission
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Figure 6 Output of the proposed scrambling structure

4. Simulation results for proposed scrambling structure
We evaluated the effect of scrambling of ACK/NACK signals on PUCCH. Summary of the simulation conditions are shown in Annex 2 (Table 1).
Figure 7 shows the CDF of the power of Qch after the equalizer at eNB in case of 6 UEs (The same conditions as Figure 3). As shown in this figure, the power of Qch after the equalizer is clearly different from each other. Therefore, the DTX detection error rate would meet the target rate even though strong inter-code interferences exist. Further improvement can also be possible if the eNB utilizes both the detected power before the equalizer and the detected Qch (Ich) power after equalizer as shown in Annex 3.
Figure 8 shows the ACK/NACK performance evaluation results in the same condition as Figure 4. The performance gap b/w ACK and NACK due to the different probability of ACK and NACK is disappeared.
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Figure 7 CDF of the detected Qch power after the equalizer of channel #2 (with/without desired signal, 6UE, SNR=0dB)
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Figure 8 The performance of ACK and NACK on PUCCH (ACK : NACK = 0.9 : 0.1) with scrambling
5. Conclusion

We investigate the effects of the scrambling of the ACK/NACK signals on PUCCH, and we found that the scrambling of the ACK/NACK signals is necessary. Although this document treats only BPSK ACK/NACKs, the same scrambling method can improve the performance of QPSK ACK/NACKs by setting “S” as “1” or “ejpi/4”.
As a conclusion, we propose to capture the scrambling of ACK/NACK signals on PUCCH in the specification as shown in below. This scrambling pattern is linked to the CS values.
[Proposed text change for 36.211]
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 Section 7.1, 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 the cyclic shift dependent scramble values for PUCCH formats 1a and 1b. 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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Annex 1 proof of the problems raised in section 2

Figure 9 shows the constellation of the ACK/NACK information part of current ACK/NACK structure. If we define h2 as the channel of desired signal (ACK#2) and h1 as the effective channel of the leaked interference (ACK#1), the actual inter-code interference b/w ACK and ACK after equalizer at eNB is following.
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Because both desired ACK#2 and leaked interference (ACK#1) have exactly the same structures, eNB can equalize the mixed signals of ACK#2 and ACK#1 without any actual effects.

On the other hand, if the desired signal is NACK and the interference is ACK, the actual inter-code becomes like following.
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Given that the target BLER of PDSCH initial transmission is around 10%-30%, and the average BLER of PDSCH including re-transmitted packed is smaller than above, most of the channels on PUCCH carry the ACK signals. Hence, the performance of NACK is much worse than that of ACK due to the interference from other UE’s ACK signals.
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Figure 9 Output of current ACK/NACK structure (information part)
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)

	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

	Walsh sequence
	#1=(1,-1,-1,1), #2=(1,1,-1,-1), #3=(1,1,1,1)

	DFT sequence
	#1=(1,1,1), #2=(1,ej2π/3,ej4π/3), #3=(1,ej4π/3,ej8π/3)


Annex 3 Further improvement for DTX detection using scrambling
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Figure 10 CDF of the maximum of the detected power before the equalizer and Qch power after equalizer of channel #2 (with/without desired signal, 6UE, SNR=0dB)
Figure 10 shows the CDF of the maximum of the detected power before the equalizer and that of Qch after the equalizer at eNB. The simulation conditions are the same as in Figure 3 and Figure 7. Thanks to scrambling at UE side, eNB can utilize both of the detected power before the equalizer (as in conventional method) and detected Qch power after the equalizer. As shown in Figure 10, DTX performance can be further improved by only using both of the conventional method and the proposed method.
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