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1 Introduction
DTX detection for PUCCH format 2 has been discussed for quite some time and an early background could be reference in [1]. According to the assumptions in [2] in RAN4#62bis, an further way forward [3] was provided including working assumptions and some alignment results. A summary of ideal results were also provided in [4]. It is further agreed to provide practical results in RAN4#64.

In this contribution, both alignment results and results with IM were provided based on the agreed assumptions.

2 Discussion
2.1 Simulation Assumptions
The simulation assumptions were from [2].

	Simulation Assumptions 
	Tx/Rx 
	Parameters 

	Bandwidth (MHz)
	
	10 as first simulation, (1.4; 3; 5; 15; 20 later) 

	Noise model and levels (dBm)
	
	AWGN; power level at table 8.3.2.4.2-1 of TS 36.141

	Radio channel models and correlation matrix
	1x2
	EVA 5 low; ETU 70 low; no power imbalance between branches

	
	2x2
	EVA 5 low;  no power imbalance between branches

	Payload per sub-frame
	
	4 bits

	Wanted signal
	1x2
	TS 36.211

	
	2x2
	TS 36.211, and resource indices defined in Annex A.10 of 36.141

	CP length
	
	Normal

	Channel estimation   
	
	[rel.10 assumption for alignment for 36.828]
Noise mode: AWGN
ML channel estimator with real noise estimation 
Pilot power consideration only, for channel estimation purposes

	False Alarm rate 
	
	1%,.10% 

	Receiver 
	
	Basic receiver as minimum requirement


2.2 Ideal Results & Performance Loss
No DTX case

The CQI block error probability equals 1% at the SNR given in table 1.

Table 1 Ideal Results PUCCH format 2, no DTX
	Number of TX antennas
	 Number of RX antennas
	Cyclic Prefix
	Propagation conditions
and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

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

	1
	2
	Normal
	EVA 5 Low
	-6.97
	-6.72
	-7.01
	-6.94
	-7.01
	-6.96

	
	
	
	ETU 70 low
	-6.18
	-6.67
	-6.42
	-6.76
	-6.25
	-6.74

	2
	2
	Normal
	EVA 5 Low
	-7.85
	-7.72
	-7.91
	-7.78
	-7.91
	-7.78


DTX case

The CQI false alarm probability equals [1%/10%] and the CQI block error probability (including both CQI missed detection probability and CQI wrong detection probability) equals 1% at the SNR in table 2 and 3.

Table 2 Ideal Results PUCCH format 2, false alarm 1%
	Number of TX antennas
	 Number of RX antennas
	Cyclic Prefix
	Propagation conditions
and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

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

	1
	2
	Normal
	EVA 5 Low
	-5.87
	-5.61
	-6.02
	-5.77   
	-6.03
	-5.91

	
	
	
	ETU 70 low
	-5.12
	-5.73
	-5.53
	-5.68   
	-5.19
	-5.74

	2
	2
	Normal
	EVA 5 Low
	-7.05
	-6.87
	-7.14
	-6.96
	-7.08
	-7.01


Table 3 Ideal Results PUCCH format 2, false alarm 10%
	Number of TX antennas
	 Number of RX antennas
	Cyclic Prefix
	Propagation conditions
and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

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

	1
	2
	Normal
	EVA 5 Low
	-6.58
	-6.16
	-6.81
	  -6.53   
	-6.74
	-6.56

	
	
	
	ETU 70 low
	-5.82
	-6.38
	-6.17
	 -6.33  
	-5.87
	-6.36

	2
	2
	Normal
	EVA 5 Low
	-7.56
	-7.41
	-7.63
	-7.48
	-7.65
	-7.54


Performance Loss

The performance losses of PUCCH format 2 with DTX detection are listed in table 4 and 5. The degradation for 1% false alarm is 0.77-1.5 dB compared to the case without DTX and 10% false alarm has a corresponding degradation of 0.2-0.43 dB.

Table 4 Performance Loss compared with no DTX, false alarm 1%
	Number of TX antennas
	 Number of RX antennas
	Cyclic Prefix
	Propagation conditions
and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

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

	1
	2
	Normal
	EVA 5 Low
	1.10
	1.11
	0.99
	1.17
	0.98
	1.5

	
	
	
	ETU 70 low
	1.06
	0.94
	0.89
	1.08
	1.06
	1.00

	2
	2
	Normal
	EVA 5 Low
	0.80
	0.85
	0.77
	0.82
	0.83
	0.77


Table 5 Performance Loss compared with no DTX, false alarm 10%
	Number of TX antennas
	 Number of RX antennas
	Cyclic Prefix
	Propagation conditions
and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

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

	1
	2
	Normal
	EVA 5 Low
	0.39
	0.56
	0.20
	0.41
	0.27
	0.40

	
	
	
	ETU 70 low
	0.36
	0.29
	0.25
	0.43
	0.38
	0.38

	2
	2
	Normal
	EVA 5 Low
	0.29
	0.31
	0.28
	0.30
	0.26
	0.24


2.3 Impairment Results for DTX case
The Impairment Results for DTX case  are listed in the following Table 6 and Table 7.
Table 6 Impairment Results PUCCH format 2, false alarm 1%
	Number of TX antennas
	 Number of RX antennas
	Cyclic Prefix
	Propagation conditions
and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

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

	1
	2
	Normal
	EVA 5 Low
	-3.87
	-3.61
	-4.02
	-3.77   
	-4.03
	-3.91

	
	
	
	ETU 70 low
	-3.12
	-3.73
	-3.53
	-3.68   
	-3.19
	-3.74

	2
	2
	Normal
	EVA 5 Low
	-5.05
	-4.87
	-5.14
	-4.96
	-5.08
	-5.01


Table 7 Impairment Results PUCCH format 2, false alarm 10%
	Number of TX antennas
	 Number of RX antennas
	Cyclic Prefix
	Propagation conditions
and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

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

	1
	2
	Normal
	EVA 5 Low
	-4.58
	-4.16
	-4.81
	  -4.53   
	-4.74
	-4.56

	
	
	
	ETU 70 low
	-3.82
	-4.38
	-4.17
	 -4.33  
	-3.87
	-4.36

	2
	2
	Normal
	EVA 5 Low
	-5.56
	-5.41
	-5.63
	-5.48
	-5.65
	-5.54


2.4 Considerations of false alarm rate

It is obvious that false alarm rate of 1% will have larger performance loss compared to 10% false alarm rate. Since DTX detection of PUCCH format 2 could benefit only a small portion of UE, smaller performance loss is somewhat preferred. As it has been discussed in the LS between RAN4 and RAN2 [5][6], this 10% false alarm rate is also acceptable. So it is proposed:
Proposal: Use 10% as the target false alarm rate.
3 Conclusion
In this contribution, ideal and impairment results were provided for PUCCH format 2 DTX detection.
It is also proposed to use 10% as the target false alarm rate.
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Annex Ideal simulation Details
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