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Introduction

This document presents ideal simulation result for detection of PUCCH format 1b with channel selection and PUCCH format 3 with comparison between the joint RS and data detection and the separate RS and data detection[1]. 
Simulation assumption

The most simulation assumption is outlined in [2]. Regarding the UL control feedback size of PUCCH format 3 and the A/N mapping table for PUCCH format 1b wCS, we assumed FDD system in this document. In addition, we compared the following two methods, method is much discussed recently in RAN1[3][4][5].
· Joint RS and data detection

· In this scheme, DTX detection and A/N detection are performed jointly. The data and RS symbols are coherently combined within a slot and non-coherently combined between slots to obtain the received power. This is done for all the codeword candidates. Then, the highest received power is compared to the threshold for DTX detection. Once non-DTX is detected, the codeword that gives the highest received power is detected as an A/N signal.
· Separate RS and data detection

· In this scheme, DTX detection and A/N detection are performed separately. For the DTX detection, the RS symbols are coherently combined within a slot, and non-coherently combined between slots to estimate the received power of each subframe. Comparing the received power to the threshold, which satisfies Prob(PUCCH DTX -> ACK bits) <= 10^-2, DTX detection is carried out. Once the received signal is detected as non-DTX, coherent detection is applied to the received signal using the channel estimate obtained from RS symbols to recover the A/N signals.
Table 1: Simulation assumption
	Performance measures
	PUCCH format 1b with channel selection: 

· ACK missed detection (1%)

· NACK to ACK (0.1%)
PUCCH format 3:
· ACK missed detection (1%)

· NACK to ACK (0.1%)

	A/N mapping table for PUCCH format 1b wCS
	FDD

	UL control feedback size
	4 A/N bits for PUCCH format 1b wCS
10 A/N bits for PUCCH format 3

	Propagation channels
	EPA5

	Channel bandwidth
	10MHz

	Antenna configuration
	UE: 1Tx, BS: 2Rx

	Cyclic prefix
	Normal CP

	Channel estimation and A/N detection
	Following ML detector:
· Joint RS and data detection

· Separate RS and data detection


Simulation results

Throughout the simulation, the false alarm rate (DTX->ACK) is fixed at 1%.
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Figure1: PUCCH format 1b wCS 4bits
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Figure2: PUCCH format 3 10bits

Discussion

At first, we would like to focus on the performance of the separate RS and data detection. If we assume the separate RS and data detection as typical implementation for Rel-10 BS, then the expected requirements with 2dB implementation margin are as follows. It is noted that the following result of PUCCH format 3 is for “10bits”, while RAN4 will specify performance only for the feedback size of “16bits”. But we can discuss the performance for 16 bits, since the tendency of performance is not so different from that of the feedback size of 10bits. 
Table 2: Required SNR (dB) assuming the separate RS and data detection
	
	Required SNR for 1% ACK missed detection
	Required SNR for 0.1% NACK to ACK error rate

	Format 1b wCS
	-2.6 
	-4.5 

	Format 3
	-1.7 
	-0.5 

	Existing requirement for format 1a[6] 

 (For reference)
	-4.8 
	

	Performance of format 1b in worst case condition (expected from the requirement of 1a + 3dB)
	-1.8
	Lower than -1.8


From the network coverage point of view, it is important to keep the performance of A/N detection for Rel-10 CA to the same or higher than the A/N performance of Rel-8. In that point, we can consider the performance of PUCCH format 1b as the worst case condition in Rel-8. From the above table, following observations could be considered: 

· Regarding the format 1b wCS, the performance of both the ACK missed detection and the NACK to ACK error would be not so lower than that of the format 1b.
· Regarding the format 3, the performance of ACK missed detection would be not so lower than that of the format 1b, however, the performance of NACK to ACK error would be lower than that of the format 1b.
 Generally, the bigger number of data bits, the less difference between performances of the missed detection and the NACK to ACK error. The reason why is that the rate of ACK to DTX error, which is included in the missed detection probability, becomes relatively lower than that of the NACK to ACK error on bigger data bits. Considering the above discussion, in order to recover the degradation of the NACK to ACK error of PUCCH format 3, we would like to propose to assume the joint RS and data detection for PUCCH format 3 simulations. 

Proposal: RAN4 should use the joint RS and data detection at least for PUCCH format 3 simulations. 

Indeed, considering the large gain of the joint RS and data detection for PUCCH format 1b wCS, it is desired to use the joint RS and data detection also for simulation campaign of PUCCH format 1b wCS. It is noted that the BS demodulation complexity would not increase so much due to the joint RS and data detection. 
Conclusion

In this document, we have presented link level simulation result for PUCCH format 1b wCS and format 3. In order to improve the ACK to NACK error rate of PUCCH format 3, RAN4 should take the joint RS and data detection for specification of PUCCH format 3.
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