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1 Introduction

LTE rel.10 with carrier aggregation supports two formats for HARQ feedback transmissions, namely PUCCH format 1b with channel selection, and PUCCH format 3 ‎[1]. In RAN4 #57AH a way forward was agreed for scenarios and assumptions for performance requirements of the two formats ‎[2]. 

This paper presents preliminary results on the performance of PUCCH format 3 based on the assumption in ‎[2].  
2 Summary of assumptions

2.1 Performance measures

· ACK false alarm (1%), ACK missed detection (1%), [NACK to ACK ([0.1%])]
· NACK to ACK performance necessity to be evaluated based on the initial simulation results
2.2 ACK false alarm definition

· Measure definition: 
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· Each falsely received ACK bit will be accounted as one error, for DTX(ACK (i.e. ACK false alarm) performance evaluation. 

· #(ACK/NACK bits) denote the number of encoded bits per subframe
· #(PUCCH DTX) denotes the number of DTX occasions
2.3 ACK missed detection definition

· for ACK missed detection (i.e. ACK ( NACK, DTX), each missed ACK bit will be accounted as one error when ACK is sent
· ACK repetitions disabled

· ACK missed detection threshold: 1%, after first transmission

· FDD vs. TDD:

· Generic requirements for the number of A/N bits less than 11 bits can be applied for both FDD and TDD. 
· Requirements for the number of A/N bits more than 11 bits only apply for TDD.
· Fixed codeword: 


· FFS
2.4 NACK to ACK definition

· Measure definition: 
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 denotes the total number of NACK bits transmitted at the transmitter.
· 
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 denotes the number of NACK bits decoded as ACK bits at the receiver, i.e. the number of received ACK bits.
· [NACK bits in the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when DTX is sent should not be considered].

· all the NACK bits shall be regarded as feedback for incorrectly detected transport blocks.

· NACK to ACK threshold: [0,1%]
· NACK to ACK to be evaluated 
2.5 UL control feedback size 

· TDD: [4 A/N bits for testing single RM decoding];16AN bits for testing dual RM decoding
2.6 Propagation channels

· EPA5, EVA70 for normal CP
· Propagation channel definitions are reused from 36.104.

2.7 Channel bandwidth selection

· CA scenarios channel BW limitation: 10, 15, 20MHz

· 5MHz channel BW to be considered also after specification of applicable CA scenarios

· Initial simulation results for all channel BWs as listed  above

· Carrier frequency: 2.0 GHz

· PUCCH on single CC, UL feedback for 2DL CC’s 

· signal BW: 180kHz

Number of PRBs for PUCCH: 1
2.8 PUCCH multiplexing

· 1UE

2.9 Antenna configuration

· UE: 1Tx 

· BS: 2Rx, 4Rx

· correlation between branches is 0
· no power imbalance between branches
2.10 Cyclic prefix

· Normal CP
· extended CP is FFS
2.11 Channel estimation

· Noise mode: AWGN

· ML channel estimator with real noise estimation
2.12 Timing estimation

· Perfect timing estimation

2.13 Other – simulation assumptions

Additional simulation assumptions are shown in table below 
	Parameter
	Value 

	Frequency hopping 
	at slot boundary 

	DM RS frequency hopping 
	Disabled

	Power control 
	Off

	ACK repetitions
	Disabled


3 Summary of assumptions
This section contains simulation results based on the assumptions in previous section. 

Table 1 shows the required SNR to achieve a probability of ACK miss-detection 1%, when the threshold is set to cope with prob(DTX to ACK) =1%. The table shows the requirements for 2 and 4 receiver antennas, for EPA5 and EVA70 channel propagation model and bandwidth of 10MHz, 15MHz, and 20MHz.

The receiver consists of first channel estimation on the reference symbols, followed by maximal ratio combining of the received data on the antennas. The decoding of the PUCCH control information is based on ML decoding of the processed data.
The transmitted pattern has been random ACK/NACK/DTX with a distribution of ~44/44/12 %, respectively. As mentioned in the assumptions, a DTX to ACK error occurs when one or more falsely ACK bits are received following a DTX. The total number of detected ACK bits are normalized to #DTX x  #ACK/NACK bits. 
Table 1 Required SNR to achieve probability of ack missed detection 1%
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	1.4MHz
	3MHz
	5MHz
	10 MHz
	15MHz
	20MHz

	2
	Normal
	EPA 5
	-
	-
	-
	-5.3
	-5.4
	-5.3

	
	
	EVA70
	-
	-
	-
	-5.3
	-5.4
	-5.3

	4
	Normal
	EPA 5
	-
	-
	-
	-8.0
	-8.0
	-8.0

	
	
	EVA70
	-
	-
	-
	-8.0
	-8.0
	-7.9


Table 2 shows the required SNR for probability of NACK to ACK 0.1%, when the threshold is set to cope with prob(DTX to ACK) =1%. The data pattern that is used for the following simulations are the same as the ones for the ACK miss-detection simulations (random ACK/NACK/DTX with probabilities ~44/44/12). DTX to NACK is not counted in the probability as suggested in the assumptions.
Table 2 Required SNR to achieve probability of ACK missed detection /NACK to ACK error
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	1.4MHz
	3MHz
	5MHz
	10 MHz
	15MHz
	20MHz

	2
	Normal
	EPA 5
	-
	-
	-
	-4.8
	-5.0
	-4.6

	
	
	EVA70
	-
	-
	-
	-4.8
	-5.0
	-4.6

	4
	Normal
	EPA 5
	-
	-
	-
	-7.4
	-7.3
	-7.1

	
	
	EVA70
	-
	-
	-
	-7.3
	-7.3
	-7.4


As seen from both tables, the limiting requirement in all cases is the probability of NACK to ACK error. However the gap is in the range of ~0.5dB. This margin does not seem to be enough to make a decision on whether it is enough to consider only probability of NACK to ACK. Also we should note that the simulations presented here are ideal simulations and the conclusion can be different, for realistic simulations.  

Regarding the cyclic prefix, since the propagation models that are considered for the performance test are channels with moderate delay profile, it does not seem necessary to use extended CP in the requirements.
4 Conclusions
Performance of PUCCH format 3, in terms of the probability of ACK miss-detection and the probability of NACK to ACK, shows that the performance requirements must be based on both measures. 
The presented results are based on ideal receiver and assumptions as agreed in RAN4-#57AH.
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