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1 Introduction
At the RAN1#80bis meeting, multi-ACK/NACK transmission was discussed to support Rel-13 CA operation with up to 32 CCs. In particular, link-level simulation assumptions for evaluation of the HARQ transmission performance on PUCCH were agreed in [1]. In this contribution, we provide link level performance results for two new PUCCH format candidates proposed in RAN1#80bis which are based on PUCCH format 3 and PUSCH structure, respectively. Further details on the PUCCH format design and HARQ-ACK payload size determination are provided in [2].  
2. Discussion
Link level performance of different PUCCH structures
Several design candidates for increasing the PUCCH payload capacity have been proposed, including PUCCH format 3 without OCC (Candidate-1) and PUSCH structure (Candidate-2). The structure of the considered PUCCH candidates is illustrated in Figure 1. The two candidates are different in terms of the number of DMRS symbols (1 vs. 2) per slot and their relative location. Furthermore, the candidates are different in terms of the maximum supported payload size. For Candidate-1 the maximum payload size is 240 bits, while for Candidate 2 it can go up to 288 bits.
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Figure 1: Two PUCCH formats Candidates
In order to choose a suitable CA PUCCH format to support multi-ACK/NACK transmission in Rel-13 CA, we evaluated the link level performance of those two candidate schemes shown in Figure 1. In the evaluation, a wide range of possible ACK/NACK payload sizes, i.e., {22, 32, 64, 80, 96, 128} bits, were studied. For both PUCCH formats considered in this paper, frequency hopping (FH) as for Rel-8 PUCCH and TBCC with 1/3 mother coding rate were assumed. Similar to Rel-10, the DTX detection threshold was selected in the simulation to provide Pr(DTX → ACK bits) ≤ 10‒2. The required SNR is derived such that both Pr(ACK->NACK/DTX)≤1% and Pr(NACK->ACK)≤0.1%. Other simulation assumptions and detailed bit error performance for  ETU and EPA channel models are provided in the Appendix. 
	[image: image2.emf]10

1

10

2

-3

-2

-1

0

1

2

3

4

5

6

7

8

9

Payload(bits)

SNR(dB)

SNR rquried for 1% ACK Missed Detection Probability and 0.1% NACK-to ACK Error Probability for different HARQ-ACK payload sizes

 

 

Candidate-1

Candidate-2




Figure 2. SNR requirement comparison for the two PUCCH candidates for EPA 3 km/h.
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   Figure 3, SNR requirement comparison for the two PUCCH candidates for ETU 3 km/h
Figure 2 and Figure 3 plot the minimum SNR required to achieve the target PUCCH performance:
•
Pr(NAK bits → ACK bits) ≤ 10‒3
•
Pr(ACK bits → NAK bits or DTX) ≤ 10‒2
From Figure 2 and Figure 3, it can be seen that the minimum SNR requirement to achieve the target performance almost lineally (in log-domain) increases with the payload size. It can be also seen that Candidate-1 is more efficient for a smaller payload size (e.g., within the 22~48 bit range), which can be explained by the use of lower coding rate for Candidate-2 which outweighs the impact of having fewer reference symbols compared to Candidate-1. The performance difference between the two schemes is around 0.5 dB. It can be also observed that the performance of the two candidates are very close to each other in the mid-range of the payload size. Candidate-2 starts to outperform Candidate-1 by roughly 1dB with higher number of ACK/NACK bits (e.g., with for more than 96 bits). This is due to the relatively lower coding rate for Candidate-2 compared to Candidate-1 (e.g., 0.4 vs. 0.33 for 96 bit payload size). 
Given that for Rel-13 CA supporting ACK/NACK reporting for up to 32 CCs would require up to 128 bits [2], the PUSCH-based structure (i.e., Candidate-2) is more preferable to accommodate this requirement due to its better link performance for higher ACK/NACK payload sizes. 
Additionally, the PUSCH-based structure has the advantage of reusing the existing UE transmitter implementation and therefore minimizes its complexity and testing efforts. Furthermore, PUSCH resources that are not utilized in some cases for PUCCH transmissions can be overridden by the eNB for UL-SCH data transmission and, therefore, would be more spectral efficient. Finally, the PUSCH-based structure for PUCCH transmission is a future proof approach, since it can accommodate even larger payload sizes which might be required in future releases. Summarizing the discussion, the following proposal is made:
Proposal 1: 
· PUCCH format based on PUSCH structure is supported for ACK/NACK transmission for up to 32 CCs if the necessarity of introducing new format will be justified. 
Link level performance of different PUCCH structures with CRC
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Figure 4  SNR requirement for ACK/NACK transmission with and without CRC.
At the last RAN1 meeting, some discussions took place on whether HARQ ACK/NACK transmission should be protected by CRC. CRC protection may be used by the UE receiver to detect whether the PUCCH packet is received in error or not.  Figure 4 illustrates the minimum required SNR for the two considered candidate options with and without the use of 8-bit CRC. It can be observed that the performance with CRC achieves the target performance at a lower SNR than the one without CRC, especially for ACK/NACK with larger payload size. This is because Pr(NACK->ACK), which is a dorminant over Pr(ACK->NACK/DTX) to determine required SNR, can be reduced by treating all NACKs in CRC false. The relative performance between the two candidates remains similar when CRC is included. 
In addition, determining DTX threshold might be difficult to be implemented in reality since the amount of interferences are not static across the different subframes. Thus, the strategy of setting DTX threshold value would be conservative depending on the implementation. With CRC, the concern could be relaxed since the signal existence detection can be realized by CRC. The 8-bit CRC can offer approximately Pr(DTX->ACK)=0.2% (=
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In that sense, the following proposal is made.
Proposal 2:
· ACK/NACK transmission for up to 32 CCs is protected by 8-bit CRC if the necessarity of introducing new format will be justified.
3. Conclusions
In this contribution, we provided evaluation results for ACK/NACK transmission performance in the uplink for Rel-13 CA with up to 32 DL CCs. The performance is provided for different payload sizes and two PUCCH format structures based on PUCCH format 3 and PUSCH. Based on the evaluation results, we propose the following: 
Proposal 1: 
· PUCCH format based on PUSCH structure is supported for ACK/NACK transmission for up to 32 CCs if the necessarity of introducing new format will be justified. .
Proposal 2:
· ACK/NACK transmission for up to 32 CCs is protected by 8-bit CRC if the necessarity of introducing new format will be justified.
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Appendix 1: Link simulation assumptions
Table 1 provides the relevant parameters in the link level simulations 
	Parameter
	Value

	Carrier Frequency
	2 GHz

	System Bandwidth
	10 MHz

	Channel Model
	EPA, ETU, 3 km/h, AWGN interference

	Antenna Setup
	1Tx, 2 Rx,

	Channel Estimation
	Practical, non-ideal

	Number of PRBs for PUCCH
	1 and 2 PRBs

	PUCCH frequency hopping
	At slot boundary

	CRC length (if any)
	[0, 8] bits

	Payload size (this is only for evaluation)
	22, 32, 64, and 128 bits

	Performance Metric
	ACK missed detection probability (1 %), NACK-to-ACK error probability (0.1%);  DTX-to-ACK probability 1%

With CRC, in case CRC check fails eNodeB considers all bits as “NACK”


Appendix 2: Detailed Link Performance Plots for 10MHz, EPA and ETU 3km/hr, without CRC
· In the following figures, Pr(NAK or DTX bits → ACK bits) is plotted for EPA-5Hz.
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In the following figures, Pr(NAK or DTX bits → ACK bits) is plotted for ETU-5Hz. 
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