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1. Introduction
At previous RAN4 #62bis meeting, the following way forward for PUCCH format 2 performance with DRX detection was agreed [1]:
· CQI performance requirements for PUCCH format 2 with DTX detection for rel.11 are optional. 
· An eNB which supports DTX detection of PUCCH format 2 may meet the requirement in 8.3.3a-1. 
· An eNB needs only to meet the requirement either in 8.3.3a-1 or in 8.3.3.1, but not both.
· Requirement Metrics:
· The CQI block error probability (BLER) (including both CQI missed detection probability and CQI wrong detection probability) is defined as the conditional probability of incorrectly decoding or missed detecting the CQI information when the CQI information is sent. 
· CQI wrong detection probability is defined as the conditional probability of incorrectly decoding the CQI information when the CQI information is sent. 

· CQI missed detection probability is defined as the conditional probability of detecting UE CQI transmission as DTX when the CQI information is sent.  

· CQI False alarm probability is defined as the conditional probability of false detecting the CQI information when no CQI information is sent. 

· Test parameters for PUCCH transmission on two antenna ports are presented in Annex A.10. 

· Minimum requirements (for TS 36.104 8.3.3a-1) 
The CQI false alarm probability shall not exceed [1%/10%] and the CQI block error probability (including both CQI missed detection probability and CQI wrong detection probability) shall not exceed 1% at the SNR given in table 8.3.3.1a-1 for 1Tx and in table 8.3.3.1a-2 for 2Tx case. 
In this contribution, we share our views on the false alarm rate requirements according to the further simulation results and analysis.
2. Simulations and Discussion
The simulation assumptions shall follow the current test of PUCCH format 2, which specifies the CQI performance without DTX detection. The simulation assumptions shall follow the similar discussion for PUCCH tests in Release 8 discussion. We list the simulation assumptions in Table 1. 

Table 1 Simulation Assumptions for PUCCH Format 2 Test 
	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


Simulations for case with DTX detection and without DTX detection are both needed. In the simulation, we use two receiving algorithms: 

· Pilot-based channel estimation and decoding
· joint RS and data decoding algorithm
The required SNRs under different scenarios for 1% BLER of PUCCH format 2 detection are shown in Table2~Table4.
Table 2 required SNRs under 1x2low, 10M, EVA 5Hz assumption
(a) Pilot-based channel estimation and decoding
	DTX detection
	without DTX detection
	false alarm 10%
	false alarm 1%

	BLER(1%)
	-6.9dB
	-6.5dB
	-5.5dB

	Performance loss with DTX detection
	0dB
	0.4dB
	1.4dB


(b) joint RS and data decoding algorithm
	DTX detection
	without DTX detection
	false alarm 10%
	false alarm 1%

	BLER(1%)
	-8.4dB
	-7.7dB
	-7.2dB

	Performance loss with DTX detection
	0dB
	0.7dB
	1.2dB


Table 3 required SNRs under 1x2low, 10M, ETU 70Hz assumption
(a) Pilot-based channel estimation and decoding
	DTX detection
	without DTX detection
	false alarm 10%
	false alarm 1%

	BLER(1%)
	-6.9dB
	-6.5dB
	-5.2dB

	Performance loss with DTX detection
	0dB
	0.4dB
	1.7dB


(b) joint RS and data decoding algorithm
	DTX detection
	without DTX detection
	false alarm 10%
	false alarm 1%

	BLER(1%)
	-8.1dB
	-7.8dB
	-6.8dB

	Performance loss with DTX detection
	0dB
	0.3dB
	1.3dB


Table 4 required SNRs under 2x2low, 10M, EVA 5Hz assumption

(a) Pilot-based channel estimation and decoding
	DTX detection
	without DTX detection
	false alarm 10%
	false alarm 1%

	BLER(1%)
	-7.4dB
	-7.1dB
	-5.8dB

	Performance loss with DTX detection
	0dB
	0.3dB
	1.6dB


(b) joint RS and data decoding algorithm
	DTX detection
	without DTX detection
	false alarm 10%
	false alarm 1%

	BLER(1%)
	-9dB
	-8.6dB
	-7.8dB

	Performance loss with DTX detection
	0dB
	0.4dB
	1.2dB


PUCCH format 2 decoding with the DTX detection will be beneficial to the detection of UE’s disconnection due to the out of service area and improve the reliability of the received CQI values and eNB scheduling performance.

From the simulation results given in the tables, the joint RS and data decoding algorithm would improve the performance by 1.2~2dB, while using DTX detection with 1% false alarm would cause 1.2~1.7 dB performance loss. In other words, the gain from the “advanced receiver” would be offset by the DTX detection functionality when using 1% false alarm requirements. If we relax the false alarm requirements to 10%, it is observed from the results that the required SNR is 0.3~0.7 dB higher than without DTX detection requirements. It is considered to be similar with current requirements without DTX detection. And as discussed in RAN 2 and RAN4, the eNB would wait for several DTX detection events before concluding that the UE is out of coverage. Therefore, the larger false alarm rate would be helpful to implement the DTX detection and not impact the receiver performance.
Proposal: it is suggested using 10% false alarm rate for DTX detection for PUCCH format 2.
3. Conclusion
In this contribution we provide the simulation results and share our opinion on DTX detection for PUCCH format 2. We suggest that:
Proposal: it is suggested using 10% false alarm rate for DTX detection for PUCCH format 2.
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