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1
Introduction

The issue of introducing CQI performance requirement for PUCCH format 2 with DTX detection as an optional feature has been discussed in previous RAN4 meetings [1 – 5]. The simulations assumptions for PUCCH format 2 with DTX detection was agreed [6]. Companies were encouraged to provide more practical simulation results for calibration and alignment [7]. In [8], we provided the ideal simulation results. In this contribution, we further provide practical simulation results with the consideration of implementation impairments with the agreed working assumption of 10% DTX false alarm rate [9].
2
Simulation Assumptions
It was agreed that [6]

· The simulation assumptions shall follow the current test of PUCCH format 2, which specifies the CQI performance without DTX detection.  
· Simulations for case with DTX detection and without DTX detection are both needed.
The agreed simulations assumptions for PUCCH format 2 with DTX were summarized in the following table. 
Table 2-1 Simulations assumptions for PUCCH format 2 with DTX detection
	Simulation Assumptions 
	Tx/Rx 
	Parameters 

	Bandwidth (MHz)
	 
	1.4, 3, 5, 10, 15, 20

	Noise model and levels (dBm)
	 
	AWGN; power level at table 8.3.2.4.2-1 of TS 36.141
(-80.5 dBm / 9MHz)

	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 
	 
	10% 

	Receiver 
	 
	Basic receiver as minimum requirement


The performance of PUCCH format 2 with DTX detection will be evaluated by two metrics: CQI block error probability (BLER) and CQI false alarm probability. CQI BLER includes both CQI miss-detection probability and CQI wrong detection probability as detailed in the Table 2-2
Table 2-2 Performance Metrics for PUCCH format 2 with DTX detection
	Scenario
	Acronym
	Description
	Abbreviation

	No PUCCH transmitted from UE
	DTX
	Rated as nothing transmitted from UE
	X

	
	False Alarm
	Rated as transmission from UE 
	Y

	PUCCH transmitted from UE
	missed detection
	Rated as nothing transmitted from UE
	B

	
	OK
	Rated as transmission from UE transmitted CQI identical to detected CQI
	C

	
	NOK
	Rated as transmission from UE transmitted CQI non‑identical to detected CQI
	D

	CQI block error probability (BLER) = (B+D)/(B+C+D)

CQI false alarm probability = Y/(X+Y)


3
Practical Simulation Results

Practical simulations results with the consideration of implementation impairments for case with DTX detection and without DTX detection are provided as follows.

3.1 No DTX case

The CQI block error probability equals 1% at the SNR given in table 3.1-1 for no DTX with 1Tx case.

Table 3.1-1 Results PUCCH format 2, 1Tx, 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
	-4.5
	-4.5
	-4.7
	-5.0
	-5.0
	-4.9

	
	
	
	ETU 70 low
	-4.2
	-4.7
	-4.3
	-4.5
	-4.7
	-4.5


Table 3.1-2  Results PUCCH format 2, 2Tx, 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

	2
	2
	Normal
	EVA 5 Low
	-5.4
	-5.5
	-5.6
	-5.7
	-5.8
	-5.8


3.2 DTX case

The CQI false alarm probability equals 10% and the CQI block error probability (including both CQI missed detection probability and CQI wrong detection probability) equals 1% at the SNR in the following tables.
Table 3.2-3   Results PUCCH format 2, 1Tx, 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
	-4.0
	-4.3
	-4.4
	-4.5
	-4.6
	-4.5

	
	
	
	ETU 70 low
	-3.9
	-4.5
	-4.0
	-4.0
	-4.4
	-4.4


Table 3.2-4  Results PUCCH format 2, 2Tx, 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

	2
	2
	Normal
	EVA 5 Low
	-5.1
	-5.3
	-5.4
	-5.4
	-5.5
	-5.5


 4
Conclusions

In this contribution, we further provided the practical simulation results for PUCCH format 2 with DTX detection. We suggest RAN4 group take this simulation result into consideration when defining the CQI performance requirement for PUCCH format 2 with DTX detection.
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