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1
Introduction
During the RAN4 #70bis meeting, a potential 3DL CA impact on base station performance was raised [1].  The issue is related with PUCCH format 3 performance requirements.  Current Rel-10 PUCCH format 3 performance is based on 4 A/N bits for FDD; while in 3DL CA case it is possible to use 6 A/N bits as a typical case to support 3 component carriers and 2-codewords per CC.  It is proposed to study whether the test for PUCCH format 3 with 6 A/N bits is necessary for RAN4 specification to support this feature.  This contribution addresses this issue and provides analysis on performance requirements of PUCCH format 3.
2
Discussion

In current 36.104 specification, the FDD PUCCH format 3 performance with 4 A/N bits is based on these metrics:

· False alarm probability, as defined as DTX to ACK performance in Section 8.3.1 of 36.104, where DTX(ACK shall be less than 1%; 
· Missed detection probability, as defined as ACK missed detection probability in Section 8.3.6 of 36.104, where ACK( NACK or DTX shall be less than 1%.
The other requirement, NACK( ACK requirement for PUCCH format 3 in Section 8.3.7, is only applied to PUCCH format 3 16AN bits case, which is applicable for TDD only.  The reason of not defining the NACK( ACK requirement for 4 AN case is because of the redundancy of the test, as discussed in previous Rel-10 discussion [3].

The missed detection requirements of 36.104 for 4AN bits are shown here from 36.104:
Table 8.3.6.1-1 Minimum requirements for PUCCH format 3, 4AN bits
	Number of Tx antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions and correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

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

	1
	2
	Normal
	EPA 5 Low
	-
	-
	-
	-3,7
	-3,8
	-3,8

	
	
	
	EVA70 Low
	-
	-
	-
	-3,5
	-3,6
	-3,7

	
	4
	Normal
	EPA 5 Low
	-
	-
	-
	-7,3
	-7,4
	-7,5

	
	
	
	EVA70 Low
	-
	-
	-
	-7,2
	-7,3
	-7,3


If 6 AN bits were considered for performance requirements, the similar metrics to 4 AN bits could likely be used.  Under this case, the false alarm rate of 6 AN bits shall be less than 1%.  The ACK missed detection probability could be also less than 1% at a new SNR table for 6 AN bits.  Likely identical propagation channels and simulation assumptions to that of 4 AN bits could be applied.  The question is how much difference in SNR between 4 AN bits and 6 AN bits, when 1% missed detection and 1% false alarm rate are applied.
PUCCH format 3 uses QPSK modulation, and the number of coded bits per subframe is 48.  There will be detection performance difference when the number of A/N bits is increased from 4 to 6.  It would be ideal to use simulation to generate an accurate difference; here we are trying to have a rough estimate on the difference.
Use 16AN (TDD case) in TS 36.104 as a basis for comparison.  

Table 8.3.6.1-2 Minimum requirements for PUCCH format 3, 16AN bits

	Number of Tx antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions and correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

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

	1
	2
	Normal
	EPA 5 Low
	-
	-
	-
	-1,3
	-1,2
	-1,2

	
	
	
	EVA70 Low
	-
	-
	-
	-0,8
	-0,9
	-0,9

	
	4
	Normal
	EPA 5 Low
	-
	-
	-
	-5,3
	-5,3
	-5,4

	
	
	
	EVA70 Low
	-
	-
	-
	-5,0
	-5,1
	-5,1


Note that the SNR = -1.3 dB for 10MHz EPA5 low for 16AN bits, compared with SNR=-3.7dB.  There SNR difference between the 4AN bits and 16AN bits is about 2.4dB.  The coding rate gain from 16AN to 4AN is 6dB.  We may have an estimate of SNR difference of 2.4dB when AN bits are increased from 4 bits to 16 bits.  Assume the SNR difference in dB is linear proportional to the coding rate gain (in dB).  The coding rate gain from 6AN bits to 4AN bits is 10*log10(6/4) = 1.76dB.  Therefore, the SNR difference between 6AN bits and 4AN bits is 2.4dB * 1.76/6 = 0.7dB.  Based on this rough estimation, the missed detection performance between 6AN bits and 4AN bits could be in the range of 0.7dB, at least for 2Rx case with EPA5 channel and 10MHz bandwidth.
Another approach to estimate the difference is using the power control equation of TS 36.213, as discussed in RAN4 reflector.  Copied from an email from Ericsson, the approach is shown here [2]

“One way to get quick understanding of the difference between 4 AN and 6 AN bits is to look at the RAN1 specified UE power control formula:

The power control for PUCCH Format 3 is on page 19 of TS 36.213. More directly, it is given by
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N_sr = 0 (= 1 if scheduling request subframe =0 if not)

N_HARQ = 4 bits

h(4)=(4+0-1)/2 dB = 3/2 dB = 1.5 dB

N_HARQ=6 bits

h(6)=(6+0-1)/2 dB = 5/2 dB = 2.5 dB

h(6)-h(4) = 2.5 – 1. 5 = 1.0 dB

So the SNR requirement difference between 4 and 6 bits is 1 dB.”
We have two approaches to estimate the SNR difference between 4AN bits and 6AN bits.  The first approach uses 16AN bits as a reference to obtain the estimated difference as 0.7dB; and the 2nd approach is based on power control formula to get an estimate of 1dB.  Since both approaches are rough estimations, we may conclude that the SNR difference will be likely in the range of 0.7dB~1dB.  This will be an rough estimate of the SNR difference for PUCCH format 3 missed detection performance between 4AN bits and 6AN bits.
Observation:
Based on rough estimation approaches, the SNR difference for PUCCH format 3 missed detection performance between 4AN bits and 6AN bits will be likely in the rage of 0.7dB~1dB.
2.1
Simulation results (New updates)   

Simulations are performed to evaluate the SNR difference of PUCCH format 3 between 4AN bits and 6AN bits.  The SNR difference is shown in the table shown below:

	Number of Tx antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions and correlation matrix (Annex B)
	Channel Bandwidth / SNR difference between 6AN bits and 4AN bits[dB]

	
	
	
	
	10 MHz
	15MHz
	20MHz

	1
	2
	Normal
	EPA 5 Low
	0.45
	0.50
	0.48

	
	
	
	EVA70 Low
	0.52
	0.58
	0.53

	
	4
	Normal
	EPA 5 Low
	0.48
	0.48
	0.43

	
	
	
	EVA70 Low
	0.46
	0.50
	0.53


All SNR values shown in the table is the SNR difference between 6AN bits and 4AN bits, where the 1% missed detection and 0.1% false alarm rate are achieved.  Based on the table, it can be observed that

Observation 2:
Based on simulation results, the SNR difference for PUCCH format 3 missed detection performance between 4AN bits and 6AN bits is about 0.5dB.
3
Conclusion
This contribution discusses performance requirements of PUCCH format 3, when 6AN bits are considered.  Two approaches are discussed to estimate SNR difference of missed detection performance between 4AN bits and 6AN bits.  It can be conclude that the SNR difference is about in the range of 0.7dB ~ 1dB.
Observation:
Based on rough estimation approaches, the SNR difference for PUCCH format 3 missed detection performance between 4AN bits and 6AN bits will be likely in the rage of 0.7dB~1dB.
From simulation results, the SNR difference is about 0.5dB.
Observation 2:
Based on simulation results, the SNR difference for PUCCH format 3 missed detection performance between 4AN bits and 6AN bits is about 0.5dB.
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